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The ART of 


DIALLING. 


Performed 
GEOMETRICALLY, by Scale and Compaſes: 
ARITHMETICALLY, by the Canons of Sines and Tangents ; 
I NSTRUMENTALLY, by a 7rigondl Inſtrument. 
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The Geometrical Part whereof is performed by Projeiling of the 
Sphere in Plano, upon the Plez it felt, whereby not only the Maling, 
but the Keaſon allo of Dials is diſcovered. 


A ſecond way of Geometrical Dialling very Eaſie, Plain and Univerſal, 


The Third Editton. 
To which is added A 


SUPPLEMENT: 


SHEW ING, 


How by Scale and Compaſſes to inſcribe ſuch Circles of the Sphere into 
Sun- Dial-Plans. that ſhall ſhew ( b2ſides the hour of the day ) the Diurnal Motion 
of the Snn ; his Place in the Zodiack 3 the Time from his Riſing, and Setting ; 
Babilonian, Italian, and Fewiſh Hours ; the Pont- of the Compaſs upon which 
the Sun isat any time of the Day, and the Proportions of Shadows to their Heights, 

ALSO, 

A General and Eaſie way to projet Hour Lines upon all kinds of Su- 
perficies without any regard had to their ſtanding, 

A ND, 

How from a Glaſs Horizontally Placed in the Soyl of a Window, 
to refleft Hours upon any Superficies, 


—Fy WILLIAM LEYBOURN, Philomath. 
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READER. 


HIS Treatiſe of Dialiing ( as in the f rmer 
Edition ) conſiſte/ of Three Parts : the Ac- 
ceptance it hath foun:!, encouraged me to add 

a Fourch Vart; namely, [| A Secord Way of Geome- 

trical Dialling ] which i performed with great Eaſe 
and Exatineſs, and may be ſerviceable to the ingenious 

Praftitioner, when the other Geometrical way (either 
by infinite excurſions cr remotion of Centres ) may prove 

either very ditticu!r, or at leaſt inconvenient ; I have 

exemplified it only in Horiz »ntal, Dire& North co 

South Recliners, and in Vertical or Upright Decli- 
ning Plains, as of all otFer the moſt General. The 
Order «f the Four Parts, as they are now Printed, are 
a5 followeth, viz. 

The firſt Part is Geometrical, and perf,rmeth the 
whole DoQrine of Dialling by Scale and Compales ; 
by Projeting of the Sphere in Plano upon the Dial 
Plain it ſelf, 1. e. By drawing upon the Plain ſuch Cir- 
cles of the Sphere in their true Poſition, as any way re- 
late to tbe delineating of the Hour-lines upou ſuch a 
Plain, let the Plain be in any poſition, and the Place in 
any ſuuation, in reſþe# of Latitude ;, by which manner 
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To the READER. 
of delineation, the Hour-lines, the place of the Subſtile, 
and Stile's height above the Plain, ſhall naturally fall 


in their due places uvon the Plain, baving no other con- 


ſfideration, than only knowing how the Circles of the 
Sphere are poſited u''0n the Globe it ſelf 5, which will be 
ſufficient to carry y u through the whole Work. And 
to that end (after ſome few neceſſary Geometrical Pro- 
blems _) at the beginning of the Book, I have inſerted 
fome Aſtronomical Elem:nts alſo, giving the Reader 
a brief account of thoſe Circles,and alſo of their ſrtuation 
upon the Globe ; And inthe Concluſion of this firlt Part 
T have (as my Liſt Example of Declining Reclining 
Dials ; which Plains of all others, are the moſt difficult 
to draw Hour-lines upon) ſo Projefted the Sphere for 
tat purpoſe, that not only the Making, but the Reaſon 
alſo of the delineation of that Dial (and conſequently 
of auy other _) is demonſtratively diſcovered. 

The lecond Part # Arichmetical, ſhewing how by 
Arithmctical Calculation (by help of the Canons of 
Artificial Sines and Tangents _) to find the ſituation of 
any Plain, and from thence to calculate the true places 
of the Stile, Subſtile, and Mcr.dian, as alſo of the Hour 
diſtancer, and that upon all ſorts of Plains, from the 
Horizontal or Vercical, to ſuch as Decline or Recline, 
or both. And in this Part I have taken my Examples 
C for the moſt part ) the ſame as in that fore-going, and 
that for theſe two Reaſons principa'ly. (I.) For the ſa- 
viug my ſelſthe labour of calculating of ſo many New 
ones, But (ll. and ctiefly, for the PraGtitioner's ſa- 
tisfattion, 
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tween Arithmetical Calculation and Geometrical 
Projection. 

The third Part i Inſtrumental, and teacheth how to 
delineate Hour-!ines upon all ſ\rts of Plains, by help of a 
Plain, Cheap, and Portable Inſtrumenr, which I call a 
HOROLOGICAL TRIGON, by which the Stile, Subſtile, 
an1 Hour-lines, upon any Plain, may eaſily an ſpeedily 
be Protrafted, having very few lines to draw, but the 
Requiſites themſelves,and in any caſe, ſeldom exceeding 
the Confines or Limits of the Plain it ſelf. And with this 
Inſtrument and its Ule I conclude this Treatile, 

It may now be expected that I ſhould ſhew how to 
beaurifie or adorn thcfe Dials,. by inferibing upon them 
other Spherical Circles and Lines ( beſides the common 
hours ) as the EquinoGtial and Tropicks, the Parallels: 
of Declination, Parallels of the Suns Place, of the 
Length of the Day, of the Suns Riſing and Sztring,, 
the Jewiſh, Italian, and Babyloniſh hours, Almican- 
theras Azimuths, Circles of Poſition, the Signs Al 
cending, Deſcending, and Culminating, and the like 
Spherical Concluſions : But in regard that (in part ) 
ſome years (ance, I have ( in an Appendix to a Book of 
Dialling ) publiſhed a Geometrical way of performing 
; many of theſe Concluſions upon ſome Plains, 1 was the 
more willing to omit them in this place at that time; my 
; other occaſions not giving me ſo much leiſure, as to pro- 

ſecute them things anſwerable to my own defire, or the 
ingenious Prafiitioner's ſatisfation, But at that _ 


tisfaftion, that be may ſee what harmowy there is b.- 


To the READER. 
T 4i1 promiſe (God willing) that in due tune I would 
publiſh ſomething elſe of Vialling, and that nat only of 
the making of D1als upon Plains, but upon 1rreg ular 
Supcrtictcs alſo, as #pon Cylinders, Cones, and 
Sphier-s, bcth Concave and Convex, and alfo upon ir- 
regular Concave or Convex Superhicies, and that 
both by Reflexion and Retraxion, with divers other 
things of the like nature : Alf which particulars, I 
have ſince that time performed, an1 the Book is now in 
the Prefs, an account of the Ti:le whererf, and of the 
particulars therein centained, is given in a Poſtcript 
at the en of this Book. 

And now, Reater, let me acquaint thee, That in the 
former Edition ( in regard of my remotion from the 
Prels, and the carclcinels of the Printer, and groſs ig- 
norance of his CorreQor, ſuch ridicu/ous faults and 
abfur4icies paſſed the Preſs, that when I came to peruſe 
the Bock., I could hardly Ciny ſef) in many places 
(without due confiderati-n ) underſtand it. But Ihave 
purged it from thoſe Errors and Ablurdities witb which 
it was then burthened. to my wexation, and the preat 
Trouble of the Learner ; and now, is far more perfett, 
and nothing in it deſerving an Errata. I this ſecond 
time recommend it to thee, wiſhing all good ſucceſs in 
thy Endeavours. And ſo for this time, Farewel. 
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CONNEX TURE 


GEOMETRICAL PROBLEMES, 


AND 
ASTRONOMICAL ELEMENTS, 


PROBL. L 


Right Line is ſaid to be Perpendicular to another 


Upon a Right Line given, to ere a Perpendicular. 
Line, {when it maketh the Angles on either ſide 
of wo erected Line, equal, that is, ſo that the 


\. DEFINITION. 
A Line jnclines not,cither to the rightor to the left, 


but ſtandeth Gl upon the Line,upon which it is creCt- 


” OI") 


cd, as in the following Figure, the Right Line A B is ſaid 
to be perpendicular to the Line C D, upon which it is ere- 
cted, becauſe the Angles on either fide thereof are equal; 
namely the Angle A B C on the one ſide, is equal to the 
Angle ABD, &n the other fide ; and either of theſe Angles 
are called Right Angles, and the Line AB ſoeretted, iscal- 
led the Perpendicular. 

B PRA- 
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(2) 
PRACTICE. 


Let CD be a Right Line given,and let it be required to 
ereCt a Perpendicular thereupon from the point B: Open 
your Compaſles to any convenient ſmall diſtance, and ſet- 
ting one Foot in the point 

[ B, with the other, make 
ap AH the two marks E and F, 


,- pY on either ſide of the point 
H G B. ---This done,open the 


Compaſles to any other 
convenient diſtance grea- 
ter than the former, and 
ſetting one 1n the point 

a | E, with the other draw 
C 4 D the obſcure Arch GG, as 
near as you may gueſs over the given point B. Again (the 
Compaltles being (till opened to the ſame diſtance) ſet one 
foot in the point F, and with the other Foot deſcribe ano- 
ther obſcure Arch H H, croffing the former in the point 
A, ſois A the point through which, if you draw a right 
Line from the given point B,that Right Line A B, ſo drawn, 
ſhall be Perpendicular to the given Line C D, and from the 
point B, as was required. 


PROBL. IL 


How upon (or near) the end of a given Right Line, to ere@ 
a Perpendicular. 


effe& this, there are ſeveral ways, but I will in- 
X ſtance only in two, which are familiar and ealie. 
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The Firſt Way. 


Let AB be a Line given, and from the point A, which is 
towards the end thereof, let it be required to ere a Per- 


NN 
pendicular A C. ——Firſt, Open your Compaſles to any 
ſmall diſtance, and ſetting one foot in the given point A, 
with the other deſcribe the Arch F E D, then ſet one foot 
of the Compaſles in D, (they being opened to the fame di- 
ſtance ) croſs the Arch in E, and ſetting one foot in E, with 
the other deſcribe the Arch A F G croufling the firſt archin 
F. Again, ſet one footinF, and with the-other deſcribe the 
ſmall arch HH, croſſing the former in the point C: fo the 
line A C being drawn, it ſhall be perpendicular to the gi- 
ven Line AB, and from the point A, as was required. 


The Second Way. 


Let B be the point given, and from it let it be required 
todraw thelineB I, Perpendicular to A B, -----Open the 
Compalles to any ſmall diſtance, and ſetting one foot inthe 
given point B, pitch down the other foot at all adventures, 
as at K, ſo the one foot —_ in K,turn the'other foot _ 
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(4) 
till it croſs the given lineA Bin L, then draw the line K L, 
and ſet the ſame diſtance K L, (at which the Compaſles al- 
ready ſtand)from K to M,fo a Line drawn from B, through 
M, ſhall be Perpendicular to A B, and from thegiven point 
B, as was required, 


PROBL. III. 


How from a Point above, to let fall a Perpendicular to a 
Right Line giver. 


N this there are two Caſes, Firſt, when the point above 
1s over(or near) the Middle of the Line. And Secondly, 
when the Point above isnear over the End of the Line. 


The Firſt Caſe. 


Let N O be a Right Linegiven, and from the point P, 
overit, letit be required to let fall the Perpendicular P Q. 
----Firſt open your Compaſles to any diſtance greater than 


P - 
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P Q.and ſetting one foot inthegiven point P, withthe other 
deſcribe an Arch of a Circle,cutting the given line N O, in 
the points R and $. Then, Secondly, divide the ſpace be- 

tween 


C5) 
tween R and Sin two equal parts in Q,, (by the Foutth 
Probleme following) ſo aline drawn from the given point 
P., to Q,, ſhall be Perpendicular to the given lineN O. 

The Second Caſe. 

Let V be the point given, from whence tolet fall a Per- 
pendicular to the line N O, ----Firſt, from any part of the 
given line N O, asfrom T, draw a right Line to the given 
point V, which Line (by the next Problem) divide into 
two equal parts in the point X, with that diſtance of the 
Compalles (one foot being placed in X) with the other de- 
{cribe the Arch (or Semicircle) V OT, cutting the given 
line N O inO, fo a Line drawn from V to O, ſhall be Per- 
pendicularto the given lineN O, and towards the end thereof, 
as was required. 


| —— 


PROBL. IV. 
How to divide a Right Line giver, into Two Equal parts,and 
at Right Angles. 


Ha the line A Bbealine given, to be divided into two 
cqual parts at Right Angles. Take in your Compaſles 


| + the length of the line A B, or 

En. | (it that be too long) any other 

4.Y diſtance above halt the length 

EY-1 thereof, and ſetting one foot in 

theend A, with the other draw 

: the Arch CDE,(thenthe Com- 

——m—m——_ Le pales unaltered) ſet one foot in 
A. a! iD B B, and with the other foot croſs 
: the former arch(both aboveand 

n below the line) in the points 

\|- | F and G; then a line drawn 

E,- & from F toG, ſhall cut the given 

Fo Line in H, ſo (hall A B be di- 


| vided in two Equal Parts in 
the Point H,and at Right Angles, whichwasrequired. 
PROBL 
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PROBL.V. 
A Right Line being given, how to draw another Right Line, 
which ſhall be Parallel thereunto, at any diſtance required, 
or throngh any point aſſagned. 


DEFINIJIILION 
F Parallel Lines, there areprincipally Two kinds,viz. 
Streight or Right Lined Parallels, and Circular Paral- 
lels. All Curcles that are deſcribed or drawn upon the ſame 
Centre, whether they be grea- 
ter or lefſer one than the o- 
ther, are ſaid to be Parallel 
or Concentrick Circles, as the 
Circle A B C D, may be ſaid 
to be a Concentrick Circle with, 
or a Parallel Circle oEF G 
H, becauſe both of them are 
deſcribed or drawn upon the 
ſame point or Centre O; and 
of both theſe Crcles,the right 
line A C isthe Diameter of the 
Greater Circle, and E G of the Leſſer, the point O is the 
Centre of both, and all Right Lines drawn from thence 
to the Perifery, Circumference, or Limb of either of the 
Circles, are Equa], and are called ſometimes the Semidia- 
miters, and ſometimes the Radins of the Circle, as the lines 
O Cor OB of the Greater,and O Hand O E of the Leſſer - 
It containing 60 ſuch Degrees or Parts, of which the whole 
Circle contains 360. 
But Right Lined Parallels, are ſuch Right Lines, that 
being drawn upon the ſame Plain, and infinitely extended 


on either ſide, would never con- 
B \L cur or meet, but always in all 
parts, retain an equal diſtance, 
B D and ſuch are the right lines B C, 
and B D, in the Margin. 


In 


(7) 
In the deſcribing or drawing of Parallc| Lines, there 
may fall out Two Caſes or Varieties: As, 
1. It may be required to draw a Right Line Parallel to 
another Right Line, at a Diſtance given - Or, 
2. It may berequired to draw the Parallel Lire through 
a Point alligned. 
And of this kind there may be two Caſes 3 For, 
x. The given Point may be Over or Under the Giver 
Line ; Or, 
2. It may be Oblique to the given Line. 


PRACTICE. 


Of the Firſt Caſe. 

Let E F be a Right Line given, and let it be required to 

G draw another 
——oen IS, - JH Right Line 
of , parallel there- 

unto, at the 
xy | Diſtance of 
E + the Points G 

| and H. 

Take in your Compaſles the given diſtance G H, then 
ſctting one foot of the Compaſles in E,Cor any other point 
near the ends of the given Line) deſcribe a ſmall obſcure 
Arch of a Circle, as I K. Then moving the Compalles to 
F (towards the other end of the given Line) deſcribe ano- 
ther obſcure Arch as L M; then lay a Ruler to the ver 
top of theſe two Arches, ſo that the Ruler do not an 
but juſtly touch either of them: then by the ſide of the 
Ruler draw the Line N O, and it ſhall be Para/el to the 


given Line EF, and at the diſtance G H, which was re- 
quired, 


The 
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The Second Caſe. 
Let P Q be a Right Line given, and let it be required 
to draw another Right Line Parallel] thereunto, which 
{hall paſs through the point R. 


Firſt, Set .one foot 


I — of your Compaſles in 

« > x5 i. the givenpoint R,and 
Bed Th - = with the other take 
_ R the neareſt diſtance to 


the given Line P Q ,which isdoneby opening or ſhutting of 
the Compaſles, till the moveablepoint do only touch the gi- 
ven line P Q,, deſcribing the Arch $S T. The Compalles 
ſtill reſting at this diſtance, ſet one foot in P, (or any o- 
ther points towards the end of the given Line) and with 
the other foot deſcribe the Arch V X. Laſtly, By the very 
top of this Arch Y,draw the Right Line Y R, and it ſhall be 
Parallel to the given Line PQ, and ſhall paſs directly 
through the given Point R, which was required. 
The Third Caſe. 

Let A Bbe a Right Line given, and let it be required to 
draw another Right Line Parallel thereunto, which ſhall 
paſs through the Point C. 

Take in your Compaſles the diſtance from the given 

I PB, Point C, to the 
" A end of the gi- 
r ven line B, then 

. 7 ſet one foot in 

DONE ell _ — A,the other end 
WA of the given 

"5 "-\b >. line, and with 

:he other Foot deſcribe the Arch F G. Again, Take in 
your Compaſles the length of the given line A B, and ſet- 
ting one foot of that "> an in C, with the other deſcribe 
thearch DE, croſling the former arch in the point H, ſo 
the Line H C being drawn, ſhall be Para/el to the Line 
A B, and ſhall paſs through the given point C, as was re- 
quired, PROBL. 
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PROBL. VI. 


Any Three Points (which are not in a ſtraight Line) being 
given ; how to find the Centre of a Circle, which ſhall paſs 
through thoſe Three given Points, 


Et the three given points be ABand C , through 

, Which it is required a Circle ſhould be deſcribed : 
Firſt, Set one Foot of the Compatſles in one of the given 
: points as in A, and 
—- extend the other foot 
SD to B, another of the 
” | Points, and draw the 
jj arch of a Circle G F 
F 4 D, -----Secondly, the 
Fi Compalles not alter- 
ed, ſet one foot in B, 
and with the other, 
croſs the former Arch 
with two ſmall Arches, 
inthe points Dand E, 
and draw the Right 
Line D E. ---- Third- 
ly, ſet one foot of the 
Compalles in the third 
point C, ( they (till 
keeping the ſame di- 
ſtance) and with the 
© Other foot croſs the 

firſt drawn Arch, G F D, in the points F and G,and draw 
the Right Line F G, croſſing the former right line D E,in 
the point O. Sais O the Centre ſought for ; upon which, if 
you deſeribeaCircle at the diſtanceO A, it ſhall paſs through 

all the three given Points A B and C, as was required. 


C PROBL. 
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PROBL, VII. 


Two Points within a Circle being given, how to find the 
Centre of a Circle, which being deſcribed, ſhall paſs 
through the Two Given Points 3 and ſhall alſo divide 
the Perifery or Circumference of the given Circle into 
Two equal Parts. 


T2 and the foregoing Propoſition,come in continual 
uſe and praGtice throughout this work, and there- 
fore ought more eſpecially to be minded. 
Let the Circle given be AB CD, and the two Points 
within the fame, be E and F. 


Firſt, Through ei- 
ther of the given Points 
(as E, ) draw a right 
line E D, which muſt 
paſs through the Cen- 
tre of the given Circle 
at R. ---- Secondly, To 
this line B D, draw the 
line A C, through the 
Centre, and at right 
angles to BD--- Third- 
ly,From the given point 
E, draw a right line E 
A, and upon the end 
thereof A, (by the 2. 


Probl.) ere the Per- 

Td pendicular A G, crof- 
P-; fing the LineB D, (it 
by being extended) in the 


point G, fo ſhall G be 
a third point, and then 


having the three points E Fand G, (by the laſt Problem) 


you 
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= may find a Centre, upon which a Circle being deſcri- 

ed, ſhall paſs, whoſe Centre .will be at H, without the 
given Circle, upon which point, if you deſcribe the arch 
of a Circle at the extent or diſtance of HE, H F, or HG,it 
ſhall paſs through the two given Points E and F, and ſhall 
alſo divide the given Circle A BC D,into two equal parts 
in the points M and L, which was required. And that 
this Arch thus drawn doth dividethe given Circle into two 
equal parts is evident, for a Line drawn from L to M, will 
pals directly through the Centre of the given Circle, and 
{hall therefore divide it into two equal parts. 


—————————  ——_ _ — — 


PROBL. VIIL 


How to make a Line of Chords Geometrically, to any a(fign- 
ed Length or Radius. 


Oraſmuch as through this whole Treatiſe, there 1s con- 
n tinual mention and uſe made of a Line of Chords, it 
will not be impertinent in this place to diſcoverthe making 
thereof, for the convenience of ſuch, as at all times, and 
in all places, cannot have the benefit of the Mathematical 
Inſtrument-maker, to whomtheſe things are common. 


DEFINITION. 


A Line of Chords is no other than 60 Degrees of the 
Arch of any Circle, transferred from the Limb of a Circle 
to a Streight Line; now every Circle great or ſmall, 1s 
divided (or ſuppoſed ſo to be) into 360 equal parts,called 
Degrees, to the Cmicircle contains 80, the Quadrant go, 
and the Radizs or Semidiameter (which is that Line upon 
which the Circle or Semicircle is deſcribed) noted in the 
following Figure with the Letters A B, is always equal to 
60 degrees of that Circle which it deſcribes, and —_— 
C 2 © de- 


(12) 
60 degrees of a Line of Chords is called the Radizs thereof. 
Thus much for the Definition of a Line of Chords, now for 


The CONCLUSION. 


Firſt, Draw a Right Line of any length, as C B D, and 
upon the middle thereof, (by the Firſt or Fourth Problem) 
ere(t the Perpendicular A B. 

Secondly,Open your Compaſles to the Radixs,or length 
that you would have your Line of Chords to be of, which 
ſuppoſe AB, (which I make here equal to the Line of Chords 
that moſt of the Schemes and Diagrams in this Book were de- 
ſcribed by) and with that diſtance upon B, as a Centre, 
deſcribe the Semicircle C A D, which is divided into 
two equal parts or Quadrants by the Perpendiculac Line 
AB. 

Thirdly, Divide the Arch or Quadrant A R D, into 
90 equal parts or degrees, which you may do in this man- 
ner | Take the length of the Line A B, and ſet that di- 
tance upon the Quadrant A D, fomD troR,fois DR 
60 deg. and A R 3o deg. Then take the diſtance A R, 
and fet it from DtoS, ſo is the Quadrant divided in- 
to three equal parts, at the points Sand R, each contain- 
inz 3o deg. This done, divide the ſeveral ſpaces between 
AR, RS, and S D, into 3 equal parts, each of which 
will be 10 deg. according as you ſee the numbers (et to 
them, theſe muſt be again divided into two equal parts, 
each part containing 5 degrees, and every of thoſe into 
hve ſmaller, as you ſee in the Figure,and ſowill the whole 
Quadrant be divided into 9o.} 

Fourthly, The Quadrant A R S D being thus divided 
into 9o parts or degrees, ſet one foot uf your Compaſlcs 
in Dat open the other foot to A, and deſcribe the Arch 


AEF, touching the Line C D in F, ſo is the point F, up- 
on the Right Line C D, the Chordof go deg, 


Fifthly, 
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Fifthly, Open the Compaſles from D to 89 deg. and 
deſcribe the Arch 8o G H, ſo ſhall the point H be the 
Chord of 8o deg. 
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Sixthly, Open the Compatlles from D to 70, and de- 
ſcribe the Arch 70 I K, fo 1s K the Chord of 70 deg. 

Again, Open the Compaſles from D to R, the Radius, 
or 60 deg. and deſcribe the ArchR L B, fois B the Chord 
of 60 deg. equal to the Radius. 

Do the like with 50, 40,30,20 and 10 deg. $9 {hall your 
have the line D F divided into 90 unequal parts caHlc-! 
Chords. 

In this manner may you make a Line of Chords of any 
length, and ſet it upona Ruler, and it is fit for to perform 
all the uſes in this Book, and it were convenient that upon 
one and the ſame Ruler, you had three, four, or tive Chorc/; 
ot ſeveral lengths or Radiules, as in Practice you will tind 
to be necetiary and commodious. 


Being thus provided of a Line of Chords, I will now ſhe: 
ou how to work two Concluſtons Geometrically, which « 
of abſolute uſe in Dialling, the one is to find the Hoi 
of the Day, and the other is to find the Azimuth of i 
Sun at any time, and in any place, And with the 
ſhall conclude theſe Geometrical Problemes, and Attre- 
nomical Elements. 
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Aſtronomical Elements. 


Or the better underſtanding of that which followeth 

the Reader ought to be acquainted with the Princi- 

pal Circles of the Sphere. As alſo, with ſuch other Lines, and 

Points, as are deſcribed and noted upon the Material 

Sphere or Globe, 1n 1mitation of thoſe which are imagin- 

ed = be - mp cr mu you of ſo many of theſe as = 
neceſſary for this our preſent purpoſe 

brief account. Know co ig " vy a DD 


DEFINITION. 


A Sphere or Globe 1s a Solid Body, containi 
Superhicies, in whoſe middle SR a Point. Fm —_— 
all right lines drawn to this Superficies are equal. 

__ Oo _ o which a Sphere or Globe is 
compoſed, are in number Tex, whereof Sj 
F AE are ſmaller Circles. ns goat, end 

A Great Circle is that which divideth the Body of the 
Globe into two equal Parts or Hemiſpheres. A Small Cir- 
cle is that which divideth the Globe into two unequal 


parts. 
The Six Great Circles are, 


1 The Horizon, c 5; The Zodiack, 


2 The Meridian, 
3 The AquinoGial, 28 The Two Colmes. 


The Leſſer Circles are, 
1 The Tropick of Cancer, 3 The Artick Circle. 
2 The Tropick of Capricorn,y 14 The Artartick Circle. 


Of theſe in the Art of Dialling there is principally but 
Fiveto be taken notice of, viz. Three Great Circles, and 


two ſmaller Circles. 


The 
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The Great Circles are, 


1 The Horizon, 
2 The Meridian, 
3 The AquinoGial. 


The Leſſer Circles are, 


1 The Tropick of Cancer, 
2 The Tropick of Capricorn. 


I, Of the HORIZON. 
In the following Figure, let the outermoſt Circle there- 


of, noted with the Letters HZON, repreſent a Sphere or 
Globe, then the Horizon is a Circle which divideth or ſe- 
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parateth the viſible part of the Heavens which we ſee, from 
the inviſible part which we ſee not, and is repreſented in 
the following Figure by the Line (which repreſents a great 
Circle) HQ O, ſeparating the vitible Hemiſphere HZ O, 
which we ſee; from the inviſible part thereof H N O, which 
we {ce not. 


H. Of the Meridian. 


The Meridian 1s a Great Circle of the Sphere which paſ- 
ſeth by the Poles of the World, and through the Zenith 
and Nadir of the Place. To this Circle, when the Sun 
cometh, he being above our Horizon, maketh Noon or 
Mid-day, and being 1n the ſame Circle, when it 1s under 
the Horizon, it 1s then Midnight. 
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The Zenith-is that point in the Heavens which is direQt- 
ly over your head, in what part of the World ſoever you 


be. And, 
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The Nadir is that point in the Heavens which is under 
your feet, direGly oppolite to the Zenith. 
The Meridian Circle in this Figure, is noted with the 


Letters HZ O N, the point Z at the top repreſenting the 
Zenith , and N the Nadir Points. 


It. Of the FEquinoGial. 


The A:quinoGial is a great Circle of the Sphere, divi- 
ding it into the Northern and Southern Hemilpheres, 
which take their names from the two Poles, that being 
called the Northern Hemiſphere, in which the North Pole 
is ſeated, and that the Southern 11 which the South Pole 1s 
leated. Unto this Circle when the Sun in his Annual mo- 
tion arriveth ( which is but twice in the whole Year) the 
Days and Nights are of equal length through the whole 
World. xD. 

This Circle cutteth rhe Ayis ofthe World at Right 
Angles, and is ſcated in the Heavens go deg. gr a Quarter 
of a Circle,'diſtant fromeither of the Poles.” © | 

It is repreſented 1n, this Figure-by the Line or Circle 
A Q z. The two Poles are noted with P and:S; P be- 
ing theeNorth, and $ the Spnth Pole; and fo the Hemi- 
ſphere, # Þ AZ, is the Northern, and Z} S x the Southern 
Hemiſphere. "And the Right line P Q S, is the Axis of the 
World, crofling the AquinoGial at Right Angles'in Q,, 
the Centre, or middle point of the Sphere or Globe. 


IV.' Of the two Tropighs. 


The two Tropicks are Smaller Circles of the Sphere de- 
ſcribed parallel to the Aquinoctial Circle, and at 23 deg. 
and a halt diſtant therefrom; that being, the greateſt Decl:- 
nation that the Sun hath from the Fequinotlat towards 
either of the Poles. Of theſe Circles one is called the 
Tropick of Cancer,or Northern | ——_ the other the Tro- 


pick. 
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pick of Capricorn, or Southern Tropick, ſo denominated, 
from the Poles which they reſpe& or behold. As the Tro- 
pick of Cancer, marked with the character of Cancer S 3 
at eachend thereof, beholdeth P,the North Pole,and the Fro- 
pick of Capricorn, noted with the charaGters of Capricorr, 
v% >, at cach end thereof reſpeCteth $S, the South Pole. 

Theſetwo Circles are the bounds or limits of the Suns 
courſe, for between them he always moveth, never going 
more Northward or Southward,(that 1s, declines notnear- 
erto any of the Poles) than 23 deg. 31 min. Wherefore, 
when the Sun in his annual courſe, ſhall arrive tothe Tro- 
pick of Cancer,which is about the 10th. or 11th. of June, 
he maketh the Longeſt Days to all that inhabit in the Nor- 
thern Hemiſphere, And when he arriveth to the Tropick 
of Capricorn, which is about the 1 11h. of December, he ma- 
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keth the Shorteſt Days to thoſe that inhabit the Northern, 
and the Longeſt to thoſe of the Southern Hemiſphere. 
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Beſides theſe Circles here named, there are divers others de- 
ſcribed upon the Globe, Two ſorts whereof, are of great uſe 
in Dialling, aud therefore I ſhall make them known, viz. 


Honr Circles, and Azimnths. 


Our Circles are great Circles of the Sphere, which 
meet together in the Poles of the World, and croſs 
the Aquinottial at Right Angles; of which the Meridian 
(or outward Circle in this Figure) is the hour Circle of 12, 
the ſtreight line PQ S, which repreſents the Axis of the 
World, is alſo the Hour-circle of Six, and all the reſt of 
the Hour-circles are drawn from Pole to Pole between 
them, as the Circle Þ A $ repreſents the Hour-circle of 8 
and 4 a Clock, and fo of all the reſt, which are 12 in num- 
ber, repreſenting the 24 hours of the day and night being 
taken round the Globe or Sphere. 


Azimuths are alſo Great Circles of the Sphere, meeting 
together in the Zenith and Nadir points, and fall upon, or 
interſe& the Horizon at right Angles; as the Hour-circles 
do the Xquinottial. Of theſe Circles, the outermoſt 
Circle of this Figure repreſents the North and South Azi- 
muth; and the line Z Q N the Azimuth of Eaſt and Wet, 
and is commonly called the Prime Vertical Circle. And all 
other circlesdrawn through the Zenithand Nadir points,and 
cutting the Horizon at right Angles, are intermediate A» 
zimuths between the Eaſt and Weſt, and the North or 
South Points. As in the Figure, the Circle Z B N is an 
intermediate Azimuth between the South and the Weſt, it 
being 4o deg. diſtant from O the South point. 

Every Circle of the Sphere hath its proper Poles,which 
are always go deg. diſtant from it in all parts. 

So in the former Figure Z the Zenith, and N the Nadir 
points, are the Poles of - Horizon, they being - deg, 
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diſtant from O the South point, from Q the Weſt point, 
and from H the North point of the Horizon. 

Allo Q is the Pole of the Meridian Circle HZ ON, it 
beirg go deg. diſtant therefrom in all parts. 

Again P and $,the North and South Poles of the World, 
are alſo the Poles of the Aquinoctial Circle, they being re- 
moved therefrom on cither fide go deg. 

But the Pole of the Hour-circle P AS is at C, and the 
Pole of the Azimuth Circle Z BN is at D, and how to 
find theſe Poles, and alſo the Poles of any oblique Circles, 
ſhall be diſcovercd in divers places of the following dil- 
courle,where there is often occaſion for the finding of them. 


Note, And whereas throughout this Book there is continual 
mention mate of Degrees and Minutes, know, that a De- 
gree is the 360 part of any Circle, each of which degrees 
1s ſuppoſed to be divided into 60 parts called Minutes, ſs 
that 45 min. is three quarters of a degree, 3O min. half a 
degree, and 15 min. one quarter of a degree, &C. 


Theſe are ſuch Aſironomical Elements, as I conceive, 
moſt neceſſary for the underſtanding of that which follows; 

It reltcth now that I ſhew how to perform twoor three 
Aſtronomical Concluſions Geometrically, without which the 
knowledge of making of a Dial will be of little validi- 
ty; for to what purpoſe will a Dial ſcrve without it be 
rightly placed? Or how can you make a Dial for any ap- 
pointed place, without you firſt know the poſition or (i- 
tuation thereof? And to theſe purpoſes are the following 
Concluſions ſubſervicnt, 


And becauſe it is requiſite to know at all times F the Year, 
What declination the Sun hath from the FEquinoGial 
either Northward or Southward, I have therefore at the 
end of this Introdudion, inſerted two Tables, the one 
ſhewing the Suns Declination every day in the year. And 
the other a Table ſhewing the Latitudes of all the Princi- 
pal Cities and Towns in England, Scotland azd Ireland. 
PROBL. 


—_—— — 


(21) 


PROBL. IX. 


Having the Latitude of the Place, the Altitude of the Sun, 
and the Day of the Month given, to find the Hour of the 
Day, and Azimuth of the Sun. 


Et the Place be London, whoſe Latitude is 51 deg. 

32 min.---- Let the Suns Altitude be 45 deg. ---- And 
let the Day of the Month be the 11th. of May, at which 
time, by the following Table, the Suns Declination 1s 
20deg. 20 min. North. 

Firſt, Deſcribe the Circle H Z O N, repreſenting the 
Meridian of the Place; ---- Croſs it at right Angles with 
the two Diameters HQ O, for the Horizon, and Z Q N 
for the Prime Vertical Circle, or Azimntbof Eaſt and Welt. 

Secondly, Take 51 deg. 32 min. the Latitude of the 
Place, out of your Line'of Chords, and ſet it from H to 
P the North, and from O to S the South Pole; and draw 
the line PQS, for the Axis of the World. And becaule 
the Aquinoctial Circleis,in all parts, diſtant from the Poles 
of the World, go deg. take 9o deg. of your Chord, and 
ſet them from P to X, and from Sto x, and draw the line 
AX Q x, for the AKquinottial Circle. 

Thirdly, The Suns Altitude given being 45 deg, Take 
45 deg. from your Chord, and ſet them from H to A, and 
fromO to T; and lay a Ruler either from H to T, or 
from O to A, and the Ruler will croſs the Prime vertical 
Circle in L, through which point the Circle of the Suns 
Altitude myſt be drawn,and for the drawing of it, you have 
three points, A4 L and T, whercfore by the 6th. Probleme 
beforepoing you may find its centre, which will always 
be in the Prime Vertical Circle Z Q N, extended. 

Fourthly, The Suns Declination for the day propoſed, 
(viz. the 11th, of May) being 20 deg. 20 min. North- 
ward, therefore take 20 deg. 20 min. aut of your line of 

Chords 
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Chords, and ſet them from X to C, and from x to D, to- 
wards P the North Pole, becauſe the Declination was North, 
otherwiſe it ſhould have been {ct towards S the South 
Pole. ---- Then Jaying a Ruler either from MX to D, or 
from x to C,it will in both caſes cut the Axis of the World 
in E, through which point the Parallel of the Suns de- 
clination for that day muſt be deſcribed, and for the 
drawing of it, you have three Points D, E and C, whoſe 
Centre will always be in the Axis of the World $S Q P 
extended, and may be found by the former Sixth Pro- 
bleme. 

Fifthly, Obſerve in your Scheme, where the Parallel of 
Altitude ALT, and the Parallel of Declination DE C, 
do croſs cach other. which will be at the point ©, and 
that is the place of the Sun at the time of the Queſtion. 


dr 


Sixthly,By the forementioned 67h, Probl. draw an _ 
circle 


(23) 
circle through the three points Þ © and S, whole centre 
will always be in the Zquinottial hne extended, it need 
be; alſo, through the Points Z © and N, draw an Azi- 
* muth Circle, whoſe centre will always be in the Horzzon 
extended when necd requires. 

Theſe two Circles being thus drawn, your Scheme 1s 
prepared for the finding both of the Hoxr and Azimuth 1n 


this manner. 


I. For the HOUR. 


Lay a Ruler to P, the Pole of the World, and G the 
point where the Hour-circle crofſeth the XquinoGtial, and 
the Ruler will cut the Circle in 4. So the diſtance from 4 
to ZE being meaſured upon the line of Chords, will be 
found to contain 41 deg. 48 min. which is the Hour of the 
day, counted from Noon, which reduced into Time (by 
allowing 15 deg. to an hour, and 4 deg. to one minute of 
time) will be two hours, 47 minutes, that is. either 47 
minutes after 2 in the After-noon, or 13 minutes after 9 
in the Fore-noon. 


I. For the AZIMUTH. 


Lay a Ruler toZ the Zenith, and to B the point where 
the Azimuth Circle crofleth the Horizon, and the Ruler 
will cut the Meridian Circle in the point b, ſo the diſtance 
b O, being meaſured upon the Line of Chords, will be 
found to contain 62 deg. 8 minutes. And ſuch is the Suns 
Azimuth from the South part of the Meridian. ---- Or the 
diſtance N b, being meaſured upon the Chords, will be 
found to contain 27 deg. 52 min. which is the Suns di- 
ſtance or Azimuth, from either Eaſt or Weſt, according to 
the time of the day, 


Thus by one and the fame Projection of the Sphere, 
you have found both the Howr and the Azimnth,and 
many 
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many other Concluſions Aſtronomical might be wrought 


by this way of ProjeCtion, which T have more fully 
ſhewed 1n my Geometrical Exerciſes, now lately pub- 


liſhed. But fceing that the Azimuth is of ſuch frequent ' 


uſe 1n Dialling, that nothing can be done to pur- 
poſe without 1t, and that in this way of Projection, 
lometimes the centres of the Circles will be very re- 
mote, I will here ihew you another Geometrical way, 
whereby you may find the Azimuth at any time, and 
1n any place, by ſtreight Lines, which will be ſome light 
and caſe to the Practitioner, that ſo he may com- 
pare one Way with the other in caſe of any doubt, 
which will be a good confirmation of his Work. 


Another way to find the Azimuth. 


Et the given Latitude be 51 deg. 32 min. 
L The Declination North, 20 deg. 

The Suns Altitude 12 deg. 

And let the Suns Azimuth be requirgd. 

Firſt, Upon the centre Q , deſcribe the Semi-circleHZ O 
for half the Meridian, and upon Q , raiſe the Perpendicu- 
lar Q Z, fois Zt he Zenith, 
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Secondly, Set (by help of your Line of Chords) 51 deg- 
32 min. the Latitude of the place, from Z to, and draw 
A Q for the AquinoQtial. 

Thirdly, 
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Thirdly, Set 20 deg. the Suns Declination, from AX to- 
wards Z, to the Point D, (being it is North) and draw 
the Line D T parallel to AQ, fois D BT the Paralle/ 
of the Suns Declination. 

Fourthly, Set 12 deg. the Suns Altitude given, from O 
to L, and from H to M, and draw the Line M L, for the 
Parallel of Altitude. 

Fifthly, Take in your Compaſles, half the length of the 
Parallel of Altitude SL, or $ M, and with that diſtance 
upon Q,, deſcribe the innermoſt Semicircle A C G. 

Sixthly, From the point B, which is where the Parallel 
of Declination, and the Parallel of Altitude do interſect, 
ere&t the Perpendicular B C, till it touch the innermoſt 
Semicircle. 

Laſtly, Lay a Ruler from Q to C, and it will cut the 
outermolt Circle in E, ſo ſhall H E meaſured upon the 
Line of Chords, be 72 deg. 52 min. the Suns Azimuth 
from the North part of the Meridian. 

E Z ſhall be 17 deg. 8 min. the Azimuth from Eaſt or 
Welt. And, 

EO ſhall be 107 deg. 8 min. the Azimuth from the 
South part of the Meridian. 


Having made this fair Preparative, I will here inſert the two 
fore-mentioned _ Tables of the Suns Declination, 
and Latitudes of Places ; and then proceed to the Art of 

Dialling, the thing chiefly in this place intended. 
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A Table of the Suns Declinatigg. 


(January ___ March | April | May | June 
S , mi.d. mid. mi.d. mid. mi.d. mi. 
1121 24 ©. a3 |. 24 8 3618 3 23 
2/21 33/13 26| 3 o 8 43688 20 26 
321 23/13 5] 2 37 g 208 35]23 1g 
4/21 ' 13]42 45]2 13] 9 4ajtis $523 22 
521 =... 25| 1 4910 He $233 Ivy 
620 5<112 4 1 25jlto 24ſig i823 27 
720 383i 43/1 Ito a45|i9g 3123 29 
8620 26\tg 21] o _ 38|r1 co 4423 _ 20 
9/20 1311 of os WT 09 939 an 
1020 ollo 38] og 1c)iz: 47]20 1023 32 
— 11|19 46 10 16 o £3312 7/20 22/23 31 
12119 32 9 54 0557112 28/20 34/23 31 
x39 wg 3213” 21rz 24920 49123 230 
14/19 3|g9 1o| 1 4413 7Ro $6123 29 
15118 48/8 48 2 B813 271 7123 28 
1618 33/8 25]2 3i{[i3 46|21 17jſ23 26 
1718 178 3|2 $4114 521 2723 23 
10/118 2] 7 ol 3 18114 24/21 37123 935o 
Igl7 45]7 17] 3 41114 4221 46123 17 
20/17 28) 6 54/4 5/15 12T 55]3 14 
24117 116 - 31] 4 2815 1922 pg © 20 
22116 54] 6 & 4 $3ijits 3712 12133 6| 
| 2316 36] 5 45]5 1415 $422 2023 I 
2016 0% 2nunN 3716 1202 272 «$9 
25116 ; 4 58:6 o16 29|22 23422 50 
26|1 5 42| 4 346 2216 4622 4122 44 
ans 29 4. 22}/6. 4v1t7 £23 40223 27 
2015 GS OY 77 22 92922 021 
29114 45 7 3e[l7 3422 5022 23 
3914 26 ” 7 $033 3122 16 
31114 6 8 14 a2 © 
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A Table of the Suns Decimation. 


I | 


Sept. 
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Novem | Decem. 
d. mi. |d. mi. 
I7 4O[] 23 9 
bY JOS 
wo 22129 oy 
ro 20123 20 
1s 43]23 23 
18 53{23 26 
9 11123 28 
I9 27123 30 
I9 41,23 31 
9 35123 53t 
$0 HI. as 
7 T1 36 Us 
20 34|23 2g 
20 45|23 27 
20 583|23 2g 
33 - 96an: all 
25 $0420.20 
27 30123 16 
27. 420i 23 y 
WW + EW. 
233 ali 
0 EO 
23 112 Ww 
22 15122 44 
22 33122 597] 
23 gol an 
223 463323 0 
232 $q2193 2 
223- EIS 2 
23 22 56 
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A T ABLE of the Names and Latitudes 
of the Pincipal Cities, T owns and Iflands 
in and about Great Prittain and Ireland. 


England. 
Edford 
Barwick 

Briſtol 
Buckingham 
Cambridge 
Canterbury 
Carliſle 
Chicheſter 
Cheſter 
Colcheſter 
Derb 

+46 WW 
Durham 
Excefter 
Gilford 
Glouceſter 
Hartford 
Hereford 
Huntington 
Ipſwich 
Kendal 
Lancaſter 
Leiceſter 
Lincoln 
London 
Northampton 
Norwich 
Nottingham 
Oxfor 


England. D. M. 
Reading 3 20 
Saliſbury gn 8 
Shrewſbury "+ WE +, 
Stafford + We - 
Stamford 52 38 
Truero 50 3O 
Warwick $2 320 
Wincheſter eo. 2 
Worceſter 3 
York. 53 58 

Wales. D. M. 
A pg& 23 28 

Barmonth 52 50 
Brecknock - 
Cardigan $2 13 
Carmarthen 51 56 
Carnarvan 53 16 
Denbigh $3 23 
Flint Ka» | 
Landaff 51 35 
Monmouth os" 
Montgomery 5I 56 
Pembroke 51 46 
Radnor 52 19 
St. David. 99 :-'© 
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Iſlands. D. M. Ireland. D. M. 
Arnſey 49 30 Netrim 54 38 
Jerſey 49 12 Arglas 54 10 

Limdy 51 22| Armah 54 14 
Man 54 24| Caterlagh 52 41 
Portland 50 3o| Clare 52 34 
Wight 50 239] Corke gr 49 
E: Droghedagh 53 38 
: by Dublin 3&3 0 

Scotland. D. M.| Dundalke $3 2 
Berdean 57 32| Galloway = 
Dunblain 56 21] Youhall or a 

Dunkel 56 48] Kenny 23 29 
Edenburgh 55 56] Kildare WW © 
Glaſcow 55 52] Kings Town ef 
Kinſaile 57 44| Knockfergus $6 29 
Orkney 6o 6] Kynfale St 4T 
St. Andrews 56 39| Lymerick 52 30 
Skyraſlin 58 36| Queens Town $2 92 
Sterling. 56 12| Waterford 2 2 

Wexford $23 Us 


The End of the Introdufion. 


The AR T of 


DIALLING 


Geometrically pertormed , 


By Projc&ting of the Circles of the Sphere 
upon the Plan it (elf. 


The Firſt Part. 


CHAP. E 


Of the ſeveral ſorts of Plains upon which DIALS are 
uſually made. 


I ALS may be made upon any plain Superfi- 

cies, and all plain Superhicies are poſited in one 

or other of theſe three poſitions, viz. either 

Parallel, Perpendicular, or Oblique to the Hori- 
zor of the Place wherein the Plain is ſeated, and all the 
Hour-lines drawn upon any Plain, are great Circles of the. 
Sphere, which being projected upon a plain Superficies, 
become {trait Lines. 


Now 


; 


The Art of Dialling. 3k 


Now the Art of Dialling confiſteth chiefly in the finding 
out of theſe Lines, and their true diſtances each from other, 
the which do continually vary, according as the Plains up- 
on which they are deſcribed or projected, are ſcituated in 
reſpet of the Horizon of the place. 


1. Parallel to the Horizon, as is Horizontal the 
which I call Vertical) Plain only. 


North & South 
2. Perpendicular jwhichC Dirc& 
[| tothe Horizon, be As _ 
and ſuch are all,” either Eaſt & Weſt. 
of theſe erect Plains: ) Or PRA fn. # 
Plains 
there are North 
but three © Dire&t YSouth ( Reclining 
Varieties, 3. Reclining) Eaſt ( lnclining 
__ from the IWeſt 
Zenith, Or * and theſc 
Inclining } ae cither | Or 
| tothe Ho. Reclining 
rizow. Declining? 
[ -Inclining 


Now in the making of particular Dials, which are in 
number 25, I reduce them to 17, by ſupplying the Lncli- 
ning Plains from their oppoſite Recliners, as being indeed 
the ſame, | 

And to avoid miſtakes, which may poſlibly ariſe by com- 
paring my Examples with other Authors, or others with mine, 
You are to take notice, that I denominate all my Plains trom 
the ſight (or the Poſitions) of their Axi# in the Heavens, 
and not from the Circles of the Sphere in which they he. 
Therefore take notice, That 


Thoſe 
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= "Horizontal } Vertical ? Vertex or Zenith Point 
= . North ,.- North 

V orr , 
$S= —_— na} DireQ | pauſe | Soak Points of the Horizon 
E 2 Meridian ſt _ 
ws Wo 3 Ea ; Poles Falt . 
EE \ bow? Weſt} Diredt * dolie 3 weſt þ Points of the Horizon 
oY Equinotial | la the 
S Polar | Poles of the World. 
_ | Polar. | | Equino&ial | CEquinoftial Circle. 

0G 
Again, 


All leaning Plains whether Dire& or Declining, whoſe up- 
per Faces behold the Zenith, I call Recliners; and thenether, 
or under Faces of them, which reſpect, or look down to the 
Nadir, I call Incliners. 


This diſtin&ion being made, the Plains of all which 
Examples following are thus denominated. 


1. Vertical or Horizontal. 
2. South and North Dire. 
3. Eaſt and Weſt Direct. 
Eaſt 
4. South and North, declining? Or, 


Weſt 
Reclining 

5. Eaſt and Weſt Direct4 Or, 
[nclining. 


6. EquinoTial, Or South Reclining or Inclining to the Pole. 


7 South diret Recliningor Incliningf © C than the Pole. 


9. Polar, Or North Reclining or Incliningto the EquinoGial. 


i 1. North dire&t Recliningor Inclining$1eG $mep. the Equs 


12. EquinoGial, Or South Declining Eaft or Weſt Reclining to 
the Pole, 13 


3. South 


þ 

o 
ww 
Þus 
- 


- 
Þ:- 
- 
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13.) South —_— Eaſt or Weſt i above the Pole. 


14.5 Reclining or [nclining \ under | | 
15. Polar or North declining Eaſt or Weſt, Reclining or 
Inclining to the Equator: 


"FR declining Eaſt or Weſt oveathe Mnrettion 


R eclin) Trclinin the Meridian 
I7. Og  IY 5 Cunderyand Equator. 


Thus arte the ſeveral Plains denominated, I ſhall now 


__— 


How to find the Reclination and Declination of any Plain. 


I; For the Reclination. 
He Reclination of 4 Plain, is the Arch of that Vertical 
| Circle or Azimuth, which is perpendicular to the 
Reclining Plain, or that Azimuth, in which the Pole of 
the Reclinine Plain lieth, comprehended between the Ze- 
ith of the place, and the Reclining Plain. 

Tofird which, 
let ABCD be a 
Reclining Plain, 
draw firſt there- 
on by help of a 
Rukr and Oua- 
drant, a lineG H 
parallel to _ the 
Horizon of the 
place, which ſhall 
be the Horizon 
tal Line of the 
Plain, and croſs 
it at right Angles 
with another 
right line K S, 
for thie Vertical 
F Line 


OD” 
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Liwe of the Plain ; to this Vertical Line K S, apply a ſtreight 
Ruler K I, andto that end of it, which heth clear of the 
Plain as I, apply a Quadrant as O L 1; having a thread and 
plummet hanging from the Centre at I, then ſee what num- 
ber of degrees of the Quadrant are contained between O 
andL, for ſo much doth the Plain Recline from the Zenith. 


I I. For the Declination, 


The Declination of a Plain, is an Arch of the Horizon 
comprehended between the Pole of the Plain, and the Me- 
ridian of the Place. Or it is the Giſtance of the Plain is 
je, from the prime Vertical Circle, or Azimuth of Eaft and 
Weſt. 


o find out the Declination of any Plain, there are re- 
quired two Obſervations to be made by the Sun at the 
fame inſtant of time. The firſt of the Horizontal diſtance 
of the Sun from the Pole of the Plain, and Secondly, Of 
the Suns Altitude. © 3 

I.,To find the Suns Horizontal diſtance from the Pole of 
the Plain. Apply one edge of a Quadrant to the Hort- 
zontal line of your Plain, ſo that the other may be per- 
pendicular to it, and the limb of the Quadrant may be to- 
wards the Sun, and hold the whole Quadrant Horizontal 
(as near as you can conjecture.) Then holding up a thread 
and plummet at full hberty, ſo that the ſhadow of the 
thread may paſs both through the Centre and Limb of 
the Quadrant, obſerve then the degrees cut by the ſhadow 
of the Thread, and number them from that fide of the 
Quadrant that ftandeth ſquare or perpendicular to the 
_ : For thoſe degrees are the Horizontal diſtance requi- 
rc 

2. This Horizontal diſtance and the Swns Altitude bein 
obſerved at the ſame time (as near as may be) will help 
you to the Plains Declination by the Rules following. 

Firlt, By having the Altitude, you may find the Azi- 

auth, 
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muth by the two laſt Problemes of the IntroduTFion. Then 
by comparing the. Azimuth and this Diſtance together, you 
may find the Plains Declination in this manner. 

When you make your Obſervations of the Suns Hori- 
zontal diftance, mark whether the ſhadow of the thread 
fall between the South, and that fide of the Quadrant 

whach 1s perpendicular to the plain. 

" T1. If the ſhadow fall between them, the Azimath and 
Diſtance added together, do make the Declination of the 
Plain, and in this caſe the Declination is upon the ſame coaſt 
whereon the Suns Azrmmeth is. 

2. If the ſhadow fall not between them, then the diffe- 
rence between the diſtance and Azimmth is the Plains de- 
clinetion ; and if the Azimmth be the greater of the two, 
then the Plam declmes to the fame Coaſt whereon the 
Sun is; but if the diſtance be the greater, then the Plain de- 
elines to the cortrary Coaſt. | 

And here note, that the Declination thus found is al- 
ways accounted from the Soxth, and that all Declinations 
are counted from either South or North,towards either Eft 
or Weſt, and muſt never exceed 9o degrees. 

I. It therefore the degrees of declination do exceed go, 
you muſt take the reſidue of that number to 180, and that 
ſhall be the Plains declination from the North. 

2. If the degrees of declination exceed 180, then the ex- 
ceſs above 180 degr. gives the Plains declination from the 
North towards that Coaſt, which is contrary to the Coaſt 
whereon the Sun is. 


Geometrical Dialling. 


I. Of the Vertical Dialling. 
CHAP. III. 


How to draw the Hour-lines upon a Vertical (commonly called 
Horizontal) Plain. 


Call this Plain Yertical, becauſe the Pole thereof is in the 
Þ| Zemith or Vertex of the Place, although the Plain it elf 
lie in the Plain of the Horizontal Circle. And I not only de- 
nominate this, but all the other Plains following, by that 
part of the Sphere in which the Poles and not the Plains 
themſelves lie. But howſloever the Plain be termed, whe- 
ther Vertical or Horizontal, the making of the Dial is ſtill 
the ſame : And may be made in any known Latitude by 
the precepts following. 


Example, Of « Vertical or Horizontal Plain in the Lati- 
tude of London, which is 51 deg. 32 min. 


Firſt, Draw a Circle E SW N, which Circle let repre- 
ſent your Vertical Plain, croſs it in the middle thereof at 
right Angles with the two Diameters, viz. S Q N, for the 
Meridian, and Hour-line of 12, and E Q W for the Prime 
Vertical or Hour-line of 6. 

Secondly, Becauſe the Latitude of the place is 51 deg. 
32 min. take 51 deg. 32.min.out of your Line of Chords, 
and ſet that diſtance from $ to a, and from W to b. 

Thirdly, Lay a Ruler from E to «, and it will cut the 
Meridian Line $ N, in the point P, which point P is the 
Pale of the World: And a Ruler laid from Etob, will cut 
the Meridian in the point A, ſo is X the point where the 

uinoctial erofſeth the Meridian 3 and thus have you 
three points, viz. E, A, and W, through which you _ 
w 
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A Vertical or Horizontal Dial for the Latitude of 
London, 51 deg. 32 min. 


draw the XquinoQial Circle E X W, whoſe centre will 
always be in the Meridian Line $ N. So that you may ea- 
fily find it, as hath been before taught, and in this man- 
ner alſo. Draw the Line X# W, which divide in two equal 
parts in the point A, upon which point A, raiſe the per- 
pendicular AC, cutting the Meridian S N, in the paint C, 
which is the centre of the Aquinoctial Circle E ZW, up- 
on which point, and the diſtance CZ, you may deſcribe it. 
Fourthly, 
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Fourthly, Divide the Semicircle E N W, into 12 equal 
parts at the points © © ©,&c. beginningatthepoint N,and 
ſetting ſix on either ſide thereof, The Semicircle may ea- 
ſily be divided into 12 parts in this manner z for 60 deg. 
of the Line of Chords will divide it intothree equal parts, 
and 3o deg. will divide each of them into two, that 1s, in- 
to 6 equal parts, and 15 deg, is the half thereof, which is 


a twelfth part of the Sermicircle. 


Fifchly, Lay a Ruler to Q , the centre of the Plain, and 
upon every of theſe points © © ©, and the Ruler will 
cut the Aquinottial E A W, 1n the points * * *, &c. di- 
viding that into 12 unequal parts. 

Sixthly, A Ruler laid to P, the Pole of the World and 
the ſcveral points * * *, &c. upon the Aquinoctial, will 
cut the Circle repreſenting the plain in the points | | |, &c. 
dividing the Semicircle E N W, into 12 other unequal 

arts. | 
: Laſtly, From the point Q, and through the ſeveral 
points |] |, &c. draw ſtraight Lines, as Q | 7,Q]8,Q [g,6c. 
they ſhall all be the true Hour-lines for ſuch a Vertical or 
Horizontal Plain. Namely, for twelveof them, that is, from 
Six inthe Morning, till Sill Six at Night. 

But for the Hours before, and after Six, that is, for 4 
and 5 in the Morning, and for 7 and 8 at Night, they are 
to be drawn by extending the Hour-line of 7 and 8 in the 
Mornivg through the centre Q, and drawing them on the 
other ſide of the Plain, ſo ſhall they be the Hours of 7 and 
8 at Night : Alſo the Hour-lines of 4 and 5 in the Eve- 
ning, being drawn through the centre Q , will become the 
Hour-lines of 4 and 5 in the Morning. 

For the Stile of this Dial, take 51 deg. 32 min. the La- 
titude of your place, out of your Line of Chords, and ſet 
them from N to e, upon the Circle of the Plain, fo ſhall a 
Line drawn from Q throughe, be the Axis.or Stile of the 
Dial, which may be a thin plate of Braſs, cut exaMly to 
the quantity of the Angle e Q N. 51 deg. 32 min. and fet 
per- 
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perpendicularly upon the Line of 12, or the Meridian 
S QN, and thus is your Dial finiſhed. | 

It into this, or any of rhe following Dials, you have a 
deſire to inſert the Half Hours and Quarters, you may put 
them in by thevery ſame means,as youdid the who'e Hours, 
but then you mult divide the Spaces between evety of the 
points ©© into twoequal parts for the Half, and into 4 e- 
qual parts for the Quarters of Hours, and proceed. with 
putting on of them in all reſpects as you did with the whole 
Hours. 


I T1. Of Upright or Eref# Plains. 
CHAP.IV. 


Hoſe Plains are fajd to be Ere# or Upright, which 

ſtand perpendicular to the Horizon of the place, 
whoſe Vertex or upper part tendeth to the Zerith, 'and 
their lower part to the Nadir, and ſuch are the Walls of 
Steeples, Churches, Houſes, or the like, againſt which (for 
the molt part) Dials are made. 

Of theſe Upright or Ere# Plains there are two ſorts, viz. 
Dire& and Declining. 

Thoſe Ere& or Upright Plains. are ſaid to be Direc, 
which do direly behold either the true Eaſt, Weſt, North, 
.or South points of the Horizon, or whoſe Poles do lie di- 
reftly 1n either of them, and thele Plains are called Erec# 
Dire Plains. 

Thoſe Ere& or Upright Plains are ſaid to decline, which 
do not lie in, or direFly behold any of theſe points, but 
are ſituate under.ſome other Azimuth, as South-Eaſt, North- 
Weſt, North-Eaſe, &c. and «theſe Plains are called Ere# or 
Opright Declining Plains. Of both which ſorts I ſhall give 
you Examples. And | | 

I. Of 
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I, Of Upright, or Ere Dire Pliins. 


CHAP. V. 


| How to draw the Howr-lines upon a Dire South Plain, 


Hat Plain is called, by me, a Dire South Plain, which 

lieth in the prime Vertical Circle, or Eaſt and Weſt 
Azimuth, and whoſe Pole is in the South part of the Meri- 
dian, the making whereof differeth nothing from that go- 
ing before. Only for the height ofthe Stile, inſtead of the 
Latitude you mult take the Complement thereof. 


Example, Of a Dire& South Plain, in the Latitude 
of London, 51 deg. 32 min. 


* Firſt, Draw a Circle Z E WN, repreſenting an upright 
Direc South Plain, croſs it at right Angles with the Dia- 
meters Z Q N for the Meridian, or Hour-line of 12, and 
WQ E torthe prime Vertical Circle, or Hour-line of Six. 
Seconcly, Out of your Line of Chords take 38 deg. 28 
min. (which is the complement of the Latitude of the place) 
and ſet that diſtance upon the Dial-plain, from Z to a, and 
from E to b,and from N toe. ; 
Thirdly, Lay a Ruler from W toa, it will cut the Meri- 
dian ZN, in the pomt P, the Pole of the World; and a Ruler 
alſo laid trom W to b-will cut the Meridian in AX, fo is X 
the point through which the Xquinoctial miſt paſs; and 
tor the drawing of it you have three points given, viz. 
E, A, and W, and the Centre will alwayes be in the Me- 
ridian LmEZ N, (extended if need be.) The Centre you 
may tind by the Geometrical way taught at the begin- 
nipg of the Bouk. Or thus, draw the Line E &, anddivide 
It 
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An Ere# Dire# South Plain. 


S 


b, 


HE ME 2 
it in two _ parts in A, upon A ered the perpendicular 
AC, extending it tillthat and the Meridian Line concur in 


G, ſo is G thecentre of the Zquinoctial Circle E #& W. 
G Fourthly, 


—_——_—— RC 
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Fourthly, Divide the Semicrcle E NW into 12 equal 
parts, at the points © © ©, e*c. 

Fifthly, lay a Ruler to Q, and cach of theſe points 
© © ©, and the Ruler will croſs the Xquinoctial Circle 
in the points * * *, ec. dividing that into 12 unequal 

arts. 
- Sixthly, Lay a Ruler to P, ( the Pole of the World) 
and cvery of the marks ** *, &-«c. and the Ruler will 
croſs the circle of the Plain in the points | ] ], &c. 

Laſtly, If through the Centre Q,, and the reſpective 
points | ] |, &c. You draw Right Lines, they ſhall be the 
true Hour Lines of an Ere& Dired South Plain. 

For the Stile, take 38 deg. 22 min. the complement of 
the Latitude of your Place, out of the Line of Chords, 
and ſet them from N to e, drawing the Line Q e for the 
Axis of the Sttle, which muſt hang dire&ly over the Me- 
ridian, or Hour-line of 12, and muſt point downwards 
towards the South Pole, becauſc the Plain beholds the 
South partof the Meridian. 

In makwg this Dial you have made two Dials, for the 
Ere& Dire& North Dial is but the back-fide of the South, 
it lying in. the fame Prime Vertical Circle, only as this-be- 
holdetf the South part of. the Meridian,and hath the South 
Pole ekevated above tt, the other bcholdeth the North 
part of the Vieridian, and hath the North Pole elevated 
above it, and as the Meridian Line Z Q N in the South 
Dial repreſenteth the 12 a Clock Hour-line at Noon, the 
back-(ide thereof (namely the North fide) repreſenteth 
the How-line of 12 at Midnight, and therefore is not ex- 
preſied, neirher the Hour-lines of 9, 10, 11 at Night, or 
of 1, 2, 3 in the Morning, the Sun tousnever being above 
the Horrzon at thoſe Hours : wherefore the North Dial is 
only capable of receiving theſe Hogirs, namely, 4s 5, 6, 7 
and 8 in the Morning, and of 4, 5, 6, 7, and 8 at Night, 
and (in this Latitude) not of all them neither ; for it will 
never ſhine upon this Plain at 8 in the Morning, nor at 
4 in 
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An Eres Dire North Plain. - 


4 in the Afternoon, but it is beſt to put them on, as in 
the Figure above, that thereby you may know how much 
it is paſt 7 in the Morning, and how much it wants of 5 1n 
the Afternoon. 


—_ OO II —_—_—S_—_L__ 
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CHAP. VL 


How to draw the Hour-lines upon an EreQ, Direct, Eaſt, 
or Welt Plain. 


| Call that an Eaſt or Weſt Plain, which lies in the Me- 
Þ ridien of the place, and whoſe Poles lie in the prime 

Vertical Circle, or Azimuth of Eaſt or Weſt. 
Now foraſmuch as the Plain heth in the very Meridian 
Circle, in which alſo the two Poles of the World are 
G 2 ſeated, 


Co OT 
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ſeated, the Plain muſt neceſſarily paſs through both theſe 
Poles,and ſo neither of them can have any Elevation above 
it ; wherefore the Hour-lines in theſe Dials muſt be paral- 
lel to one another, and conſequently parallel to the Axis 
of the World, And the Dial muſt have no Centre: How- 
ever the Dial may be drawn as followeth. 


Example, Of an Eaſt Dire& Dial, in the Latitude 
| of London 51 deg. 32 min. 


Let A BCD, be a Dial plain, upon which you would 
draw a Dire& Eaſt Dial, upon the point D, if it be an Eaſt 
Dial; or upon the point C, if it be a Weſt Dial; with the 


An EreGF, Dire, Eaſt Dial. 
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Radius (or 60 deg. ) of your Line of Chords, deſcribe an 


obſcure Arch of a Cicle E F, then from your _— =_ 
3 deg, 


_ 
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33 deg. 28 m.the Complement of the latitude of the place, 
( which is alſo the height or elevation of the AquinoGtial ) 
and ſet them from E to F, and draw the line DF quite 
through the Plain. Then, that you may proportion your 
ſtile to your Plain, ſo that you may bring on all the hours 
from Sun Riſing to 11 a Clock, aflume two points in the 
Line F D, one towards the end D (as the point G) for the 
Hour-line of 11, and another at H, tor the Hour-line of 6, 
and through the points G and H, draw the lines 11 G 11, 
and 6 H6, perpendicular to the A-quinottial Line D F. 
This done, upon the point G, with 60 deg. of the Line 
of Chords, deſcribe an obſcure Arch of a Circle I K, and 
ſet thereon 15 deg. of your Line of Chords from 1 to K, 
and draw the Line G K,to cut the Line 6 H 6 in the point L, 
ſo ſhall L H be the height of the perpendicular ſtile pro- 
portioned to this Plain. 

Now for the drawing of the Hour-Jines, fet one foot of 
the Compaſles (opened to 60 deg. of the Chord) in L,and 
with the other deſcribe the Arch of a Circle M N, betwixt 
the Hour-line of 6, and the Line G L. Which divide into 
5 equal paits in the points © © © © ©, and a Ruler laid 
from the point L to each of theſe points © © ©, e$e. will 
cut the Aquinoctial Line H D, in the points * * *** *, 
through which points draw lines parallel to6 H 6, as the 
Lines 7 * 7, 8 *8, &*c. and they ſhall be the true Hour- 
lines of an Eaſt Plain from 6 in the Morning, till 11 be- 
fore noon, but for the Hours of 4 and 5 in the Morning, 
you may put them on by {ctting the ſame diſtances npon 
the Aquinodial Line before 6, as there is from 6 to 7 and 
8, after 6 ; and through thoſe points draw the Hour-lines 
of 4 and 5, parallel to the Hour of 6, as you {ce done in 
the Figure. 

Thus is your Dial finiſhed, and inthe making of it you 
have made two Dials, namely a Feſt D.ut as well as an 
Eaſt, for it is the ſame in all refpþets. Only whereas the 
Arch E F, through which the /Zquinodtial paſleth in = 
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Eaſt Dial, was drawn on the right hand of the Plain, in 
the Weſt it muſt be drawn on the left hand,and the Hour- 
linzs of 4, 5, 6, 7, 8, 9, 10, and 11, in the Forenoon on 
the Eaſt U1al, muſt be 8, 7, 6, 5, 4, 3, 2 and 1 in the Af 
ternoon, upon the Welt Dial, as1n the Figure appeareth, 


An Eref, Dire, Weſt Dial. 


_— —_— — —  —_J 

The Stile of the Eaſt or Weſt Dtals, may be either a 
{trait Pin of the juſt length of the Line H O, which is 
equal to H Lin the Eaſt Dial, fixed in the point H, upon 
the Hour-line of 6, and exadtly perpendicular to the Plain, 
ſhewing the Hours by the ſhadow of the Apex, or very 
top thereof. | 

Or, it may be a Plate of Brafs of the ſame breadth with 
the diſtance between the Hour-lincs of 6 and 3, which 
Plate muſt be ſet perpendicular upon the Hounr-line of Six, 
and ſoit will ſhew the Hour by the ſhadow of the upper 
edge thereof, as 1n this Weſt Dial. 


Theſe five Dials here deſcribed, viz. the Vertical, the 


South, North, Eaſt, and Weſt Ere&, Direct, may be made up- 
on aſtone cut ſquarein formot a Die, which Body is called 
a Cube. II. Of 
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I 1. Of Upright Declining Plains. 


CHAP. VII. 


How to draw the Hour-lines upon a South or North Erc&t 
Plain, Declining ezther Eaſt or Welt. 


E Ho Upright or Erect Plains, that we have hitherto 
treated of, are ſuch as did directly behold the four 
Cardinal or Principal Points of the Horizon; namely, the 
Eaſt, Weſt, North and South Points. All other Upright 
Plains are (aid to decl;me, and their Declination is counted 
from the Ealt or Welt, towards either North or South,and 
theſe Plains are called South or North Ercct Plains decli- 
ning Ealt or Welt. 

Before the Hour-lines cah be drawn upon any of theſe 
Plains, two things muſt be given, and three other things 
mult be found — — 


The Things given muſt be, » 


. The Latitnde of the Place. 
. The Dc<clination of the Plain. 


— 


ty 


The Things required are, 


. The height of the Pole (or Stile) above the Plain. 
. The diſtance of the S»ſti/e trom the Meridian, or 12 
a Clock Hour-line. 


. The Plains Difference of Longitude. 


_— 
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For the finding of theſe, we mult project upon the 
Plain ſuch Circles of the Sphere (in their true poſitions ) 
as are requilte for the finding ot them, and thoſe Circles 
are, the Horizon, the Meridian, and the Atquinedial: 
which i (hall ſhew how to perform y giving an 


Example . 
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Examy/e of a South EreCt Plain,declining Weſtward 24 deg. 
20 min. in the Latitude of London 51 deg. 32 min. 


d. m. 

Latitude of the Place xt. 33 

Datad Declination South Welt 24 20 
| d, m. 
Diſtance of the Subſtile from the Merid. 18 8 
QuaſiagHeigh of the Pole(or Stile)Jabovethe Plain 34 33 
Plainsdiffterence of Longitude 30 OO 


To find which, 


Firſt, Deſcribe the Circle Z H N O, repreſenting the 
declining Plain, croſs it at right Angles, with the two 
Diameters ZQ N, and H Q ©, the point Z repreſenting 
the Zenith, and N the Nadir, and the line Z Q N, the 
Vertical or perpendicular-line of the Plain (and Hour-line 
of 12 ) and the Line HQ O, is the Horizontal Line 
thereof. 

Secondly, Becauſe the Plain declines 24 deg. 20 min. 
fiom the South Weſtward, ſet 24 deg. 20 min. from N to a, 
and from O to c. Then lay a Ruler from Z to a, and it 
will! cut the Horizontal Line HQ OinsS, fo is S the 
South point of the Horizon, through which the Merj- 
dian muſt be drawn, and for the drawing of it you 
have three points, viz. Z $S and N, and the Centre will 
always be in the Horizontal Line H Q_O, extended if 
need be. Which Centre may be found Geometrically , 
as is formerly taught, or thus : Draw the right Line 
Z S, which divide in two equal parts in O, and upon O 
erect the Perpendicular O G, extending it, till that and 
the Horizontal Line do interſect ; for the point of inter- 
ſection ſhall be the Centre of the Meridian. Then lay a 
Ruler from Z to c, and it will cut the Horizon in W, the 
Welt point thercof. 

An 
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An Upright Plain Declining from the South Weſt- 
ward 24 deg. 20 min. 
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Thirdly, Having drawn the Meridian and the Horizoy, 
take 51 dep. 32 min. out of your Line of Chords, and ſer 
them upon your Plain, from H to B, and from N to d. 

Fourthly, Lay a Ruler upon W, the Weſt point of the 
Horizon, (which is alſo the Pole of the Meridian) to b, 
and it will cut the Meridian in the point P, ſo ſhall P be 
the Pole of the World, through which point P, and Q (the 
Pole of the Plain) draw the (traight Line BPQ D, repre- 
ſenting the Axis of the World, and the Subſtilar Line of 
the Dial. 

Fifthly, Lay a Ruler from W to 4d, andit will crofs the 
Meridian 1n the point Z, fo is A one point in the Meri- 
dian, through which the EquinoGial mult paſs : And the 
point W in the Horizon 1s another. So have you two points 
within the Circle, by which to draw the AXquinoQlial 
which you may do Geometrically, as 1s before taught. Or 
you may find it thus, the Centre of the Aquinottial will 
always be in the Ax7s of the World, and therefore in the 
Line BPQD. Now to find the pomt, draw the Line X 
W, which divide in two <qual parts in the point », upon x 
ercCt a perpendicular, till 1t cut the Ax of the World, ex- 
tended in #9. So is w the Centre of the Aquinottial, uyp- 
on which point you may deſcribe it. And thus have you 
drawn upon vour Plain all the three Circles required, viz. 
the Horizon, Meridian, and the Aiquino#ial ; by which may 
be found the three Requilites belonging to this Plain. 
For, 

1. To find the beight of the Pole above the Plain, repreſented 
in the Scheme by the the Line P B. Lay a Ruler to G, 
where the /EquinoGial cuts the Plain, and to P the 
Pole of the World,the Ruler will cut the Plain on the 
oppolite fide in the point v. So the diftance from B 
tov, meaſured upon the Line of Chords, will be found 
t9 contain 34 deg. 33 min. The height of the Pole 
above the Plain. 

2. To find the diſtance of the Subſtile from the Meridian, 


repre- 
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repreſented in the Schemeby the Arches L B,or N D. Take 
in your Compalles the diſtance Z B, or ND, and you 
ſhall and either of them equal to 18 deg. 8 min. and 
on is the diſtance of the Subltile from the Me- 
ridian. 

3. To find the Plains difference of Longitude, repreſented in 
the Scheme by the Angle XA P K. Lay a Ruler from P 
to /E, it will cut the Plain in x, fo the diſtance be- 
tween D and x, meaſured upon the Line of Chords, 
will be 3o deg. And ſuch is the Plains difference of 
Longitude, 

Laſtly, Theſe Requilites being obtained, we come to the 
drawing of the Hours ; to effe& which, lay a Ruler to P, 
the Pole of the World, and X, the Interſe&tion of the /t- 
quinodial with the Meridian, and it will cut the Plain in 
the point x, At this point x begin to divide the Semi- 
circle LxG, into 12 <qual parts, at the point © © ©, &c. 
Then laying a Ruler to Q, and every of theſe points 
© © © Ke. it will cut the /Atquinodial Circle, dividing 
that into 12 unequal parts in the points * * * *, &c. 
Again, a Ruler laid to P, and every of theſe unequal parts 
* * * ®. @#c. will divide the Plain into 12 unequal parts 
in the points] | ] | @&c. ----- Lay a Ruler to Q , andeve- 
ry of theſe points | | |, &c. drawing lines by the fide 
thereof,and they ſhall be the true Hour-lines proper to luch 
a Declining Plain. 

Thus have you finiſhed the Hour-lines, the Subſtilar- 
line, (or the line upon which the Stile muſt ſtand) is the 
lme Q D., falling (in this Dial) juſt upon the Hour-line of 
2 in the Afternoon, becaule the Plain declined Weſtward. 
The Angle of the Stile is D Q R,containing 34 deg. 33 m. 
and mult be either of Plate or Wire brought to ſuch an 
Amgle, and muſt ſtand perpendicular to the Plain, and 
direaly over the Subſtilar Q D. 

Now have you finiſhed your Dial, and in fo doing you 
have in this one made four Dials, viz. 

H 2 A South 
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South declining Weſt 
A South declining Eaſt d. m. 
North declining Weſt ( 24 20 
Noth declining Eaſt 
Only placing of the numbers of the hours and the Stile 
reſpectivelyupon each Plain. For in the South Weſt Plain, 
which we have now deſcribed, the Stile ſtands upon the 
hour of 2 in the Afternoon 3 in the South Eaſt declining as 
much, it will ſtand upon the Hour-line of 10 before-noon. 
And ſo all the morning hours of the Welt-decliner will be 
the Afternoon hours of the Eaſt decliner; and the Afﬀter- 
noon hours of the Welt decliner, will be Morning Hours 


The Four 'Opright Declining Dials. 
Wt. F £7 8 
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of the Eaſt decliner: And fo the South decliner will pro- 
duce the North Weſt decliner; and the South Weſt decli- 
ner, the North Eaſt decliner, by only extending the 
Hour-lines, Stile andSubſtile quite through the Centre. And 
that there my yet remain no doubt, I have drawn all the 
four Dials in one, by which you may plainly ſee that there 
is no difference between them, but what hath been already 
intimated, 

By this Figure you may plainly fee,how that one Dial is 
the Produdt of all theſe four, by obſerving the cautions 
before dcliverced. So that it may ſeem ſupertluous to fay 
any more concerning theſe upright declining Dials. Only 
before I leave them, I will (becauſe theſe Dials are molt in 
uſe) give you one other Example of an upright declining 
Plain, which by reaſon of its great declination from the 
Prime Vertical, or its Poles great deviation from the Me- 
ridian,cauſeth the Pole to have but ſmall Elevation, where- 
fore the Dial (as all fuch like) muſt be drawn without a 
Centre, by the dircCtions following. 


CHAP. VIIL 


How to «raw. the Hour-lines por Opricht far Declining 
Plains, {w/c by reaſon of the ſmall Elevation, which the 
Pole hath orer ſuch Plains, the Hours (if they be drawn fron 
a Centre): annot be of any competent diſtance one from another. 


Hole Plains which lie near to the Meridian Circle, 

and whole Poles(confequently near the prime Ver- 

tical Circle, or Azimuth of Eaſt or Welt; the Pole hath 
but ſmall Elevattc 1 above fuch Plains, fo that the Hour- 
lines (efpcctaily thoſe of them which fall near to the Sub- 
{tile) trom the Centre, cannot be drawn at any competent 
diltance, witho\t a large extention of them. To remedy 
whicti inconvemence, you may draw the Hour-lines for 
ſuch a Plain at a convenient diltance, and in alittle room, 
without 
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| without any regard had to the Centre, But before you 
j proceed to draw the Dial, you mult firſt find the three 
requiſites mentioned in the laſt Chapter, viz, 
1! 1. The height of the Pole above the Plain. 
{'l 2. The diſtance of the Subſtile from the Meridian. 

| 3. The Plains ditference of Longitude. 
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tf Example of an Upright South Plain,” declining Eaftward 
| I 80 deg. in the Latitude of London 51 deg. 32 min. 


To find theſe Requiſitee. 
Firſt, Draw the Circle Z H NO, crofling it with the 


diameters Z, N, the perpendicular, and H O, the Hori- 
zontal Line of the Plain. 


gun 
- = 


K 
Secondly, Becauſe the Plain declineth 8 
{et 80 deg. from N to 8, and from H to þ pg Bbond, 


Thirdly, 
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Thirdly, Lay a Ruler to Z and a, it will cut the Hori- 
zon in S, the South point thereof, and a Ruler laid to 
Z and b, will cut the Horizon in E, the Eaſt point thereof. 

Fourthly, Having the three points Z S and N, through 
them draw the Meridian Z S N, whoſe Centre (by any of 
the ways before taught) will be found to be at xz. 

F'ifthly, Out of your Line of Chordstake 51 deg. 32 m. 
the Latitude, and ſet them from Oto c, and from N to d. 
Then lying a Ruler from E toc, it will cut the Meridi- 
an in ÞP the Pole of the World; through *which point P 
andQ , the Centre of the Plain, draw the right line PQ B, 
tor the Axis of the World. Alſo, the Ruler laid from E 
to 4, will cut the Meridian in Z,fo is X one point in the 
Meridian, through which the AXquinoctial muſt paſs, and 
R.is another point in the Meridian (extended) without 
the Circle, and a third point is E, the Eaſt point of the Ho- 
rizon. Now foraſmuch as theſe three points R E A, 
through which the /EquiroGial is to be drawn, are almoſt 
in a ſtrait linc, ſo that.the Centre of it will be at a very 
great diſtance, we will forbear deſcribing of that Circle, 
and content our ſelves that we have found the points RE 
A, through which it ſhould paſs; becauſe we ſhall draw 
the Hour-lines in this and the Tike caſes by other means,and 
therefore I ſhall proceed ta ind the other Requiſites, And, 


I. [ov find the height of the Pole above the Plain repreſen- 
ted by P C. —— Takego deg. of your Linc ot Chords, 
and {ct them from c toe, a Ruler laid to eand P, will 
cut the plain 1n of, is O C the herght of the Pole (or 
Snile) above the plain, 7z. 6 cg. 12 min. 

2 To frnd the difrznce of the Subſitle from the Meridian, 
repreſented by B Nv 4 +, —— Fake the diltance 
BN or ZC{which & <qual thereto) in your Com- 
patſes, and\m--1{ure it 11/407 vour 'Line of Chords, fo 
you thall filit to co-- 11m" $3 deg. 4 min. which 1s 
dittance of the 'Snbſtile trom the Meridia. X 

3. To 


* Geometrical, Dialling. 


An Ere& South Plain Declining Eaſtward 80 deg. 


— 


| or  -, | 


3. To find the Plains difference of Longitude, repreſented 
by the Angle &_Þ 7, * Lay a Ruler upon P 
and Z, it will cut the Plain T the diſtance g B, 


meaſured 
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meaſured upon the Line of Chords, will contain 82 d. 
3 min. the Plains difference of Longitude. 
Theſe three Requiſites being thus found, I will now 
proceed to draw the Dial without any regard had to the 
Centre, 


How to draw the Hour-lines upon the Plain. 


Firſt, Draw a right line A B, for the perpendicular 
line of your Plain, and upon A as a Centre, with 60 deg. 
or the Radius of your Chord,deſcribe an obſcure Arch of a 
CircleCDE, and thereon from C to D, ſet 38 deg. 4m. 
the Subſtiles diſtance from the Meridian before found, and 
draw the Line A D for the Subſtile, quite through the 
Plain. 

Secondly, Take 6 deg, 12 min. the height of the Pole 
above the Plain from your Chord, and fet them upon the 
ſame Arch fiomD to E,and draw the line AE forthe Stile. 

Thirdly, Foraſmuch as the Stile A E in this caſe is but of 
{ma]l Elevation, viz. but 6 deg. 12 min. Draw the line 
GH parallel to A E, at ſuch convenient diſtance, as you 
ſhall think fit, for your new (or augmented) Stile, to ſtand 
from your Subſtile A D. 

Fourthly, Aſſume any two points in the Subſtile A D, as 
R and S, and through theſe two points draw two infinite 
right Lines, both of them at right Angles to the Subſtilar 
line A D, as thelines Z Z, and X X. 

Fifthly, From the point R, take with your Compaſſes 
the leaſt diſtance to the new augmented Stile G H, and ſet 
that diſtancc upon the Subſtilar line, from R to K: Allo, 
from the po'1it S, take the leaſt diftance to the new Scile 
- H, Ns ſet that diſtance alſo upon the Subſtilar line from 

to 

Sixthly, llpon the two points K and L (as upon two 
Centres)wit': 60 deg. or the Radius of the Line ot Chords, 
deſcribe two portions of Circles, and in either of them gr 

I 0 
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off 82 deg. 8 min. the Plains difference of Longitude, as from 
$ to M, and from R to M,both on the ſame ſie of the Sub-" 
ſtilar line, on which the perpendicular line of the Plain 
AB was drawn. 

Seventhly, Divide either of the Semicircles laſt drawn, 
into 12 equal parts, at the points © © ©, e*«. beginning 
this diviſion 1n either of them, at the point M. 

Eightly, Lay a Ruler to the point L, and every of the 
diviftons © © ©, &«. and the Ruler will cut the Con- 
tingent or /EquinoGial line X X, in the points * * *, ec. 
Allo a Ruler laid to K, and each of the points © © ©, exc. 
will cut the other Contingent ZZ, inthe points ** *, ec. 

Laſtly, Lines drawn from the point * in one Contingent 
hne, to the point *in the other Contingent line, each to his 
correſpcadent (which the Subſtilar line will dire you how 
to do) thoſe lines ſhall be the true Hour-lines belonging to 
fuch a declining Plain, and be drawn as in the Figure you 
{cc done, at a competent diſtance one from another, with- 
out any relation at all had to the Centre of the Dial. 

Thus have you finiſhed your Dial, and in the —_— of 
this, you have made a South declining Weſt 3o deg. allo; 
for if you turn the Paper, and look through it, it will on 
the back-fide be a South declining Weſt 8o deg. only the 
Forei,oon hovrs in this, muſt be the Afternoon hours in 
that : Nay,it: rizonr, you have in this one Dial made four, 
viz. a North declining either Eaſt or Weſt, if you, well 
obſerve what was fail and done in the laſt Chapter. 

And thus have I done with all Upright, or Ere& Plains, 
either Dire or Declinirg. I ſhall now praceed to ſhew 
you how to miccibe Hour-lines upon ſuch Plains as 
are not Upiight, but Recline from the Zenith, and of 
them there are ſuch as are DireF, aid ſuch as do Des 


cline. Yo 
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III. Of Reclining Plains. 
CHAP. IX. 


S in Upright Plains there were two Varieties, vis. 
Ere# Dire@#, and EreF Declining. - So are there of 
Reclining Plains alſo. For ſuch Reclining Plaivis as do di- 
rely behold either the true Eaſt, Weſt, North or South 
points of the Heavens, that is, whoſe Poles he, either inthe 
Meridian, or Prime Vertical Circle of the place, are called 
Dire Reclining Plains. 

Again, Thofe Reclining Plains, which do not direftly 
lie in or their Polcs be not in the Prize Vertical or Meri- 
dian Circles of the place, but deviate therefrom, are called 
Declining Reclining Plains. Of both which ſorts I ſhall 


. give you an account, and the manner of inſcribing Hour- 


lines upon them, for in theſe Plains there is far more varic- 
ty, than there was in Opright or Eret# Plains. 


Of Dire& Reclining Plains, &>«. 
I. Of Eaſt and Welt Recliners. 
CHAP. X. 


How to draw the Hour-lines upon a Dire& Eaſt or Weſt 
Reclining or Inclining Plain. 

Sin Upright Declining Dials, Twothings muſt be given, 
A and Three things muſt be found, before the Hour-lines 
could be drawn. In theſe direct Reclining Plains Two 
things muſt alſo be given, and Three muſt be tound, before 
the Dial can be made. 

[ 2 The 
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The Things that muſt be given are, 


1. The Latitude of the Place. 

2. The Reclination of the Plain. 

The Reclination of aPlain(as hath bcen before declared) 
is the Arch of an Azimuth or Vertical Circle, intercepted 
between the Zemith of the place, and the Reclining Plain. 


Example, Of an Eaſt or Weſt Plain, Reclining 35 deg. in 
the Latitude of London 51 deg. 32 min. 


" WE | 
ts "Latitude of the Place 51 32 
Reclination of the Plain 35 ©O 


The height of the Pole above the Plain. 
Quzlita 3 Che diſtance of the Subſtile from the Meridian, 
. The Plains difference of Longitude. 

Firſt, Draw the Circle N ESR, repreſenting the Re- 
clining Plain, and croſs it with the two Diameters NQ S, 
the Horizontal Line of the Plain, and Hour-linc of 12 a 
Clock, and E Q R for the Prime Vertical Circle. 

Secondly, Becauſe the Plain reclines 35 deg. take 35 deg. 
out of your Line of Chords, and ſet them from E to-a, and 
from N to b. 

Thirdly, Lay a Ruler from Stoa, and it will cut the 
prime Vertical Circle in Z, fois Z the Zenithof the place---- 
Alſo a Ruler laid from $ to b, will cut the ſame Vertical * 
Circle in W,by which point the Horizon of the place muſt 
be drawn. 

Fourthly,The points Zand W being found, you have three 
points through which you mult deſcribe the Meridian, viz. 
N ZandsS: and as many alſo through whieh you muſt draw 
the Horizon,namcly,N W and S. The Centres of both which 
Circles will fallin the LineE Q R,(extendcd ifneed be) and 
the manner how to find them hath been oftenenoughalready 
taught, Fifihly, 
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Eaſt and Weſt Inclining. 


» 3 ond 


Fifthly, Becauſe the Latitude of the place is 51 deg- 
32 min. Take 51 deg. 32 min. from your Line of Chords, 
and ſet them upon your Plain from S to c. Then lay a Ru- 
ler upon W the Weſt point of the Horizon, and the point c, 
the Ruler will croſs the Meridian Circle in Þ the Pole of 


the World; through which point P and Q, the _—_ 
or 


— 
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(or pole of the Plain) draw the right line PQ, which 
ſhall be the Axis of the World, and Subſtilar Line of your 
Dial. 

S$i-thly, Take go deg. of your Line of Chords, and ſet 
them upon the Circle of your Plain from c to d, then lay 
a Rulcr from W to d, and it will cut the Meridian Circle 
in A, (is X one point in the Meriaian, through which 
the /Eqame;al Circle muſt be drawn, and W the Welt 
point of the Horizon is another; ſo have you two points 
within the Circle, through which you muſt deſcribe the 
{Equino@al Circle, whoſe Centre will beinthe Line PQ, 
the Axis of the World, (extended if need be) the manner 
how ro find it hath been already taught ſeveral ways. 

Having thus projected the Meridiar, Horizon and H&- 
quinodial, you may find the three Requifites, as follow- 
cth. 

1. To find theheight of the Pole above the PlainP k, Lay a 
Ruler to gand P, it will cut the Plain on the oppo- 
ſite ſide in b; fo k þ meaſured upon the Chords, will 
be 26 deg. 41 min. The height of the Pole above the 
Plain. 

2. To find the diſtance of the Subſtile from the Meridian 
Sk, TakeS k in your Compalſes, and meaſure it 
upon the Chord, it will be found 45 deg. 52 min. 
The diſtance of the Subſtile from the Meridian. 

. To find the Plains diff erence of Longitude, PQ, A 
Rulcr laid from P to M, will cut the Plain in e, the 
diſtance from O the Subſtile,to e, will contain 66 deg. 
27 min. of the Chord, which is The Plains difference 
of Longitude. 

Theſe Reg = being obtained, you may proceed to 
find the Hour diftances upon the Plain in this manner. 

Seventhly, Lay a Ruler to P the Pole, and Z the inter- 
ſection of the Meridian with the /EquinoGial, and it will 
cut the Plain ine. Ate begin todivide the Semicircle into 12 
equal parts, at the points © © © &#«. 

Eightly, 
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- Eightly, Lay a Ruler to Q, and the ſeveral points 
© © © oc. and it will cut the /EquinoGial! Circle in 
the points * * * &+c. dividing that into 12 equal parts, 

Ninthly, Lay a Ruler to P,and the ſeveral pornts ** *g+c. 
and it will cut the Plainin the points | [] ec. 

Laſily, If from the Centre Q,, you draw right Lies 
through the points 1 xp Ec. they ſhall be the true Hovr- 
lines belonging to your Reclining Plain. 

And thus have you finiſhed your Dial, and alfo in it 
Four Dials: For the Dial as it: here ſtands in the Scheme, 
is properly an Eaſt and Weſt Incliner, but being turacd 
upſide down, as you ſee the hours numbred, and the word 
Zenith (ſtanding upwards, it is an Eaſt Recliner; and if 
the Hour-lines be tutned (or ſuppoſed to (tand) on the 
right hand of the Prime Vertical Line EQ R, as in this 
Scheme they doon the left hand,and the hours of 4,5,6, &*c. 
in the Morning, changed to 8, 7, 6, cc. in the Evening, 
the Plain is then a Weſt Recliner. And it the Hour-lines 
be drawn through the Centre of either of them, the Plains 
then become Eaſt and Welt [rcliners; the hours and Sub- 
ſtile in all retaining the ſameplace,only the denominations of 
the Hours changed, &c. you muſt remember, that in all 
Eaſt and Welt Recliners, the North Pole is elevated, and 
in all Inchners (oppoſite to them) the South Pole, 


I I. Of South Recliners. 


CHAP. XL 


How to draw the Hour-lines #pon Dire# South Re- 
clining or Inclining Plaizs. 


N the Eaft and Weſt R-clining and Ir::lining Plains, be- 

foic deicribed, the Meridi2r, or 12 a Clock Hour-line, 

did lie 11 the Horizontal Line of the Plain, and the a” 
theieo 
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thereof in the Prime Vertical Circle. So (on the contra- 
ry )in theſe South and North Recliningand Inclining Plains, 
their Horizontal line lieth in the Prime Vertical Circle, or 
hour of 6, and their Poles in the Meridian, and from hence 
they receive their denomination. 

Of theſe Dire& Reclining Plains there are Six Varieties, 
Viz. three of South Recliners, and as many of North Re- 
cliners. For, 

1. The South Plain may Recline, fo as it may juſt 
fal! in the Axis of the World, and ſo paſs through the 
Poles of the World, and then it 1s called an /Equinodial 
Plain, becauſe the poles thereof lie in the /Equino@ial 
Circle, and neither of the poles have any Elevation above 
it, wherefore the Hour-lines muſt be all parallel one to 
the other, and all of themto the Axisof the World,and the 
Dial muſt be drawn as the Ere& Dire& Eaſt or Weſt Dials 
were. Only, whereas the Stile ſtood upon the Hour-line 
of 6 in the Eaſt and Weſt, in theſe plains it muſt ſtand up- 
the Hour-line of 12, and be of equal height with the di- 
ſtance between the hours of 12 and 9, or 12 and 3, which 
are equidiſtant from the Meridian. 

2, Or Secondly, The South Plain may fo Recline, that 
it may fall between the Zenith and the North Pole, and 
then 1s the South Pole elevated above ſuch a Plain. Or, 

3. The North Plain may ſo Recline, that it may fall be- 
tween the Horizon and the North Pole, and then is the 
North Pole Elevated. 


Examples of theſe three Varieties of South Reclining 
4 Plains do here follow. 
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The Firſt Variehyy. 
CHAP. XIL 


How to draw the Hour-lines upon an XquinoGtial Plain, 
Reclining juſt to the Pole. 


Uppoſe a South plain ſhould Recline 38 deg. 28 min: 
g in the Latitude of Loxdor 51 deg. 32 min. 

Firſt, Draw the Circle WPE R, repreſenting your 
Reclining plain, and croſs it with the two Diameters P Z 
SR, for the Meridian, and W Q E, the Horizontal line 
of the plain. 


P 


Secondly, Becauſe the plain Reclines 38 deg. 28 min. 
take 38 deg. 28 min. out of your Chord, and ſetthem from 
Ptoa, and from E to 6. 

Thirdly, Lay a Ruler from W to «, it will cut the Me- 
ridian in Z, ſo isZ the Zenith of the place, through which 
point, and the ' points W and E ( the Welt and Eaſt 
p_ of the Horizon ) draw the prime Vertical Circle 


SE. 
K Fourthly, 
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Fourthly, Lay a Ruler from W to b, and it will cut the 
Meridian 1n S, through the points W $ and E, draw the 
Horizon of the place W SE. 

Fifthly, Becauſe the Latitude of the place is 51 deg. 32 
min. ſet 51 deg. 32 min. upon your plain from E to a, and 
it will cut the Meridian P Q R, in the point Z the Zenith, 
then (becauſe the pole of the World is removed from the 
Zenith, (always) (o much as is the Complement of the La- 
titude, which here in this Example is 38 deg. 28 min.)take 
therefore this diſtance 38 deg. 28 min. and ſet it' upon 
your plain from a, and you ſhall find, that the Compaſs- 
point will dire&ly fall in the point P, which is the Pole 
of the World and is the very place where the Reclinin 
Plain, and the Meridian of the place do interſe&, which 
clearly demonſtrates,that the Pole hath no Elevation above 
this Plain, and by this means, the Line W Q E, becomes 
to be the FEquinoBul;"and a ſtrait Line, wherefore the 
Hour-lines muſt be all pazaJlel one ta the other, and all 
of them to the Axis of he World, and the Dial muſt be 


Po 


drawn in this mlapner. 
! 
Today the Har-lines won the lain. 


\ X —_- 

Firſt, Drayg\the Rig ne A B, fpr the Horizontal 
Line of the Plain, and crol3 it about the middle thereof 
at Right Angles, with the Line 12 Q 12 for the Meridian 
and Hour-line of 12. © 
Secondly, Upon the Line'T2 Q 12, either above or be- 

low Q, aſſume any point, as S, and ſetting one foot of 
your Compalles therein (it being opened to the Radius of 
your Line of Chords) deſcribe the Semicircle C D E,which 
divide into 12 equal parts, —_ at D. 

Thirdly,Lay a Ruler to S,and the ſeveral points © © © 
&-c. and it will croſs the /EquinoJial Line A B, in the 

ints * * * o$c. 


Laſtly, Through theſe points * * * e+c.draw Right Lines 
all 
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all parallel to the Line 12 Q 12, and fo is your Dial 
finiſhed. 
A Dire# Fquino#ial Dial. 

Rs Rn I mes 

D 

lol 

'© 

| 'S 
| : 
| c< | ) 


The Stile may be either a ſtrait Pin, of the length of 
the line Q S, ſet perpendicular to the Plain upon the point 
Q ; the ſhadow of the top thereot only giving the Hour. 
Or it may be a plate of the breadth of the diſtance that 
is between the Hour-lines of 12 and 3, or 12 and 9g. and 
then will the ſhadow of the upper edge thereof, give the 
hour of the day. 


The Second V ariety. 


CHAP. XII. 


| How to draw the Hour-lines »pon a Dire South Reclining 
| Plain, which falls between the Zenith and the Pole. 


Let the Example beof a South Plain Reclining 25 d. 
in the Latitude of London 51 deg. 32 min. 


" , Draw the Circle W D ER, repreſenting your 
ing Plain, __ with the two Diameters N R, 
2 


for 
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for the Meridian and Hour-line of 12, and WE, for the 
Horizontal line of the Plain, and Hour-line of Six. 

Secondly, Take 25 deg. the Plains Reclination, out of 
your Line of Chords, and ſet that Diſtance from D to a, 
and from E to b. 

Thirdly, A Ruler laid from W to, will give Z the Ze- 
#ith of the place; and a Ruler laid from W to b, will give 
S the —_ point of the Horizon ; both which Circles 
W ZE, the Prime Vertical and W R E the Horizon, may 
...be-drawn, as hath often enough already been (ſhewnytheir 
Centres being always in the Meridian Line N Q R, exten- 
ded if need require. 


— * RES wt. _ ©S Lv 
> : OC » 


—_ Cn _ — , _ . 


Fourthly, Becauſe the Pole of the World js always di- 
ſtant from the Zenith, the Complement of the Latitude of 
Na +6 MD 


— 
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the place, viz. here at London, 38 deg. 28 min. Take 
(therefore) 38 deg. 28 min. out of your Line of Chords, 
and ſet them upon your Plain from a,the point which found 
the Zenith to C 

Fifthly, Lay a Ruler from W to C, and it will cut the 
Meridian N QR, (being thus extended) in P, fo is P the 
North Pole of the World, and becauſe it falleth without 
Plain,it is evident by the Scheme, that this Reclining Plain 

aſleth through; the Meridian, between the Zenith and the 

ole. And again, becauſe the North Pole P falleth with- 
out the Plain, it alſo: demonſtrates that the South Pole muſt 
be elevated above this Plain. Wherefore, 

Sixthly, To find the point of the South Pole upon the 
Meridian line N Q R, do thus. Becauſe the two Poles are 
180 deg. diſtant from each other, viz. two Quadrants, or 
twice 90 deg. Take therefare 9o deg. out of your Line of 
Chords, and ſet them twicewupon your Plain from C, viz. 
firſt from C to. e, and then from e to », ſo ſhall the 180 deg. 
end in »: And a Ruler being laid from W to », ſhall crols 
the Meridian in A,the South Pole; (o is the South Pole A, 
elevated above the Reclining Plain, the quantity of A R, 
which is equal to the Arch R », which meaſured upon the 
Line of Chords will be found 13 deg. 28 min. 

Sevepthly, Lav a Ruler from W to e, and;jt will cut the 
Meridian,in AX, {ois & that point in,the Meridian through 
which the /EquinoGial muſt paſs. Asalſo through the points 
E and W, the Eaſt and Weſtpoints of the Horizon. 

Eighthly, For the Hour-lines, They are to be drawn 1n 
all reſpeCts as the Mour-lines were upon the upright South 
Plain, without any alteration, only there the Stile was ele- 
vated according to the Complement of the Latitude 38 deg. 
28 min. here 1t muſt be elevated only 13. deg. 28 min. 
as in the Scheme. The manner how the Hour-lines are to 
beput on, I ſhall only, repeat, but I ſhall forbear drawing 
them, leaving that to. your owy pradtice, in. regard there 1s 
no alteration. at all fram the Ere& Dire& South, Fain: 

CIC» 


OR 


—_— 


| SF ©n_W_DbMG_T Rr” 


70 Geometrical Dialling. 


Wherefore divide the Semicircle of your Plain W R E in- 
to 12 equal parts, (beginning at R, and fo 6 _ parts 
on either lide of the Meridian N Q R.) Then lay a Ru- 
Jer to Q, andevery of thoſe 12 diviſions, it will divide 
the XquinoQtial into 12 unequal parts. A Ruler Jaid from 
P to every of thoſe unequal parts in the AquinoCGtial, will 
divide the Plain into 12 other unequal parts, through 
which laſt 12 unequal parts, and the Centre Q,, if you 
draw right Lines, they ſhall be the true Hour-lines proper 
for the Plain. 


And here by the way note, for that the Zquinodtial 
Circle in this Scheme 1s a very oblique Arch, the 
. Centre of it will be very remote, and the Hour-ſpa- 
ces upon it (as alſo _ the Plain) will be very 
cloſe together in theſe ſmall draughts, which is occa- 
fioned by the ſmall Elevation that the South Pole 
hath above this Plain, vis. but 13 deg. 28 min. 
which you might find without drawing of the Scheme 
by ſubſtrating 25 deg. the Plains Declination repre- 
ſented in the Scheme by the Line (or Circle) D Z, 
from Z P, the Complement of the Latitude of the 
lace. And therefore, foreſceing that the Pole hath 
n- ſmall Elevation above the Plain, and alſo what 
Pole, whether North or South that isclevated : The 
better way will be to c—_ the Stile, and to draw 
the Dial according to theſe following DireQions. 


How to draw the Hour-lines upon the Plain. 


In the Scheme following, draw, Firfi, The right Lme 
WAQE, for the Horizontal, and perpendicular thereunto, 
in the Line SQ R, for the Meridian and Hour-line of 12, 
which extend above the Horizontal Line to S. 

Secondly, Upon $ as a Centre, with 60 deg. of your 
Chard, deſcribe a mall Arch of a Circle, and upon : ſet 

13 der 
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13 deg. 28 min. the height of the Pole above the Plain 
from A to B, and draw the Line $ B for theStile. 


South Reclining 25 Degrees. 


" 


TITS 
[| e'\ 
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- At any convenient diſtance, anſwerable to the 
of "41 Foun draw a Line paiallcl to W E, as 
bell LineCDF. 


ey 
—_ 


Fourthly, 
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Fourthly, Set one Foot of your Compaſles in D, and 
with the other, take the neareſt diſtance to the Stile $ B, 
which diſtance ſet upon the Meridian from D to H. 

Fiſihly, Upon the point H, (your Compaſſes opened to 
60 deg. of your Line of Chords) deſcribe the Semicircle 
K QL, which divide into 12 equal parts, in the points 
© © © &*c. 

Sixthly, Lay a Ruler unto H, and upon every of the 
points© © ©, e*c. and it ſhall cut the A&quinoGial Line 
CDF, in the points * * * ec. through which the Hour- 
lines muſt paſs: Wherefore, if from the Centre S, and 
through the ſeveral points * * * ec. in the LineC DF, 
you draw ſtrait lines, bounding them between any two 
lines as W E, and M N, they {hall be the true Hour-lines. 
Or, 

Seventhly, It you draw another Tangent line, and de- 
ſcribe another Semijcircle, and divide it, and the other 
line,as you did the former,ſo ſhall the lines drawn through 
the reſpettive = *** @«FM either of the A{quino#ial 
(or Tangent-Jines) be the true {Hour-lines belonging to 
your Plain, without any regard had'to the Centre at all, 
as you before did in Upright far Decliners. 


_—_ 


The Third V ariety. 
CHAP. XIV. 


How to draw the Hour-lines upon 2 Direc South Reclining 
Plain, which paſſeth between the Pole and the Horizon. 


Let the Example be of a South Plain, Reclining 55 deg.in 
the Latitude of London, 51 deg. 32 min. 


Irſt, Draw the Circle WNER, for your Reclining 
Plain, croſs it with the two Diameters N Q R, the 
Meridian 
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Meridian, and WQ E, the Horizontal Line of the 
Plain. 

Secondly, Take 55 deg. the Plains Reclination, out of 
your Line of Chords, and ſet that diſtance from N to «, 
and from E to b. 

Thirdly, Lay a Ruler from W to a, it will cut the Me- 
ridian in Z, (o is Z the Zenith of the place, through which, 
and the points W and E. draw the prime Vertical Circle 
WT E. 


Fourthly, Lay a Ruler from W to b, and it will cut the 
Meridian in S, the South point of the Horizon, through 
which, and the points W and E, the Horizon of the place 
WSE mult be drawn. 

Fifibly, The Pole being diſtant from the Zenith of the 
place 38 deg. 28 min. equal to the Complement of the La- 
titude, ſet 38 deg. 28 min. from toc, and a Ruler laid 
from W to c, ſhall cut the Meridian in P the Pole of the 
World, and go deg. of your _ of Chords being ſet 

from 
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from c to »,and a Ruler laid from W to #, ſhall cut the Me- 
ridian in through which,and the points W and E muſt 
the /EquinoGial Circle be deſcribed: The Centre where- 
of, as alſo of the Horizon and prime Vertical Circles, are 
all in the Meridian NQ KR, extended where need re- 
quires, and how theſe Centres are to be found, is ſhewed 
already. 

Sixthly, For the drawing of the Hour-lines, they. muſt 
be drawn as in the Erect Direct South Plain, or as was di- 
refed in the laſt Plain, and foI (hall ſay no more of them 
in this place; only takenotice, thatthe North Pole is ele- 
vated above this Plain, the quantity of the Arch N c,which 
1s 16deg, 32 min. | 

Theſe arethe three Varicties of South Direct Reclining 

Plains, and in the making of theſe, you have allg 
made the oppolite Incliners as much, for each Plain 
hath two faces, the one open to the Zenith, and the 
other to the Nadir of the place. 


+ RO —— 


{1I. Of North Dire Recliners. 
CHAP. XV. 


How to draw the Hour-lines upon a Direct North Reclining 
Inclinitig Plain. 


Sin South Reclining Plams there were Three Varie- 
ties, ſo alſo are there as many in the North Recli- 
ners; For, 

1. The North Plain may ſo Recline, that it may paſs 
through the Meridiay, juſt at the interſeCtion of the Meri- 
dian with the KquinoGial, the plain it (elf lying in the A- 

uinottial Cirde, and the poles thereof in the Poles of the 
orld, and ſo it js called A Polar Plain. Or, _ 
2, The 
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2. The Plain may ſo Recline, that it may cut the Me” 
ridian between the Zenith and the /Equinotial. Or, 
3. It may Recline fo far, as tocut the Meridian between 
the A£quinoial and the Horizon. 
Examples of theſe three- Varieties of North Reclining 
Plains follow. 


The Firſt Variety. 
CHAP. XVI. 


How to draw the Hour-lines upon a Dire&t Polar Plain, which 
Reclineth juſt to the Aquinoctial. 


—  —— 


—— —— 


Example of a North Plain,Reclining 51 deg. 32 min. equal 
to the Latitude of the Place viz. London. 


Irſt Deſcribe the Circle E A W R, for your Plain, 
þ croſs it with the Diameters A Q R, for the Meridi- 
an, and W Q E for the prime Vertical Circle, 

Secondly, Sct 51 deg. 32 min. the Reclination of the 
Plain (which in this Example 1s alſo equal to the Latitude 
of the place) from to a, and alfo from W to 6. 

Thirdly, XK Ruler laid from E to 4, will cut the North 
part of the Meridian in Z the Zenith of the place, and be- 
ing laid from E to b, it will cut the Meridian in N, fo 1s N 
the North point of the Horizon. 

Fourthly, Through the points W Z and E (by former 
directions) draw the prime Vertical Circle, or Azimuth of 
Ea(t or Weſt, WZ E. And alſo through W Nand E, 
draw the Horizontal Circle W NE. 

Fifthly, Becauſe the Pole of the World is always remov- 
cd from the Zenith of the place, ſo much as is the Com- 
plement of the Latitude (in this Example 38 deg. 28 min.) 
Set 38 deg. 28 min. from 4 (the point in the Plain, which 
found the Zenith point.Z,) Northward of the Zenith, and 
the Compaſs-point will fall in W, the Weſt point of the 
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Horizon; ſo that if a Ruler were laid fromW to E, it 
would cut the Meridian in Q, for the Pole of the World, 
which is already the Centre of the plain, ſo that the pole 
of the World, and the pole of the plain fall both in one 
point, and the pole Q is elevated above the plain godeg. 
viz. the quantity of the Meridian Line X Q ,or rather the 
Arch A W, which is the meaſure thereof. 


A Dire Polar Dial Sonth. 


Sixthty, To draw the Hours upon this Plain, it is caſieſt 
of all others, for if you divide the Semicircle E R W, 
into 12 equal parts in the points © © © e*c. and through 
thoſe points draw (traight lines from the Centre Q , they 
{hall be the true Hour-lines belonging to this Polar Plaiz. 

And this Plain, by reaſon of its North Reclination,is,in 
Summer, capable of receiving all the hours from Sun rifing 

to 


Geometrical Dialling. 77 


to Sun ſetting, and therefore the Hour-lines of 4 and 5 in 
the morning,and of 7 and 8 at night muſt bedrawn through 
the Centre, as you did in the Vertical or Horizontal Dial, 
and as you (ce here done in this Figure. 

The Stile of this Dial muſt be a (trait Pin or Wire, ſet 
perpendicular upon the Plain, from the Centre Q , and 
of any length. And this for the Firlt Variety of North 
Recliners. 

The South Inclining Plain oppoſite to this, is diredly , 
the ſame, only the forenoon hours in this muſt be the At- 
ternoon hours in that,and the hoursof 4 and 5 in the mor- 
ning, and of 7 and 8 in the Evening mult be omitted. 


T he Second V ariety. 


CHAP. XVII. 


How to draw the Hour-lines upon a North Reclining Plair, 
which interſes the Meridian between the Lenith and the 
Aquinoctial. 


Let the Example be of a North Plain, Reclining 25 deg. 


[r/t, Draw the Circle E $ W R, repreſenting your 

North Reclining Plain,and croſs it with the two Dia- 
meters SQ R, the Meridian of the Place, and E Q W, 
the Horizontal Line of the Plain. 

Secondly, Set the Reclination of the Plain 25 dug. from 
S to a, and from W to b. 

Thirdly, Lay a Ruler from E to 4, it will cut the Meri- 
dian in Z the Zenith. And a Ruler laid from E to b, will 
cut the Meridian in N the Notth point of the Horizon: fo 
have you three points E Z and W, whereby to draw the 
prime Vertical Circle E Z W, and three points alſo, viz. 
E N and W, whereby to draw the Horizon E N W. 
Fourthly, 


—— _ _ —— 
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Fourthly, Becauſe the XquinoChal 15 always go deg. di- 
ſtant from either of the Poles,ſet go deg. upon your Plain, 
from c to 4. Then laying a Ruler to E and d, it will cut 
the Meridian in A, ſo is Z the point of the interſection of 
the AquinoGtial, with the North part of the Meridian 3 
wherefore through the points E AK W, deſcribe the Aqui- 
noctial Circle z the Centre whereof, as alſo of the Hori- 
zon, and prime Vertical Circle, will fall in the Meridian 

« SQ R, extended where need requires. 


R 

Fifthly, The Horizon, AquinoGtial and Pole, being 
thus ſeated in their true poſitions upon the Plain ; the 
thing required in this Dial, is, The height of the Pole above 
the Plain, which may be found in this manner. y a 
Ruler from E to P, and it will cut the Plain in c, the di- 
ſtance Sc, meaſured upon your Line of Chords, will con- 
rain 63 deg. 28 min. which is the height of the pole above 
the Reclining Plain. 

Laſtly, For the drawing of the Hours, that is done the 
| ſame 
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ſame way as in the Ere& Direct South Plain, only here the 
Stile mult beelevated above the Meridian line 63 deg. 28 m. 
whereas there it was only 38 deg. 28 min. the Comple- 
ment of the Latitude. The North Pole is elevated above 
this Plain, and the Hours that the Plain is capable to re- 
ceive, are 4, 5, 6, 7, 8, and 9 in the Morning, and 3, 4, 
5, 6, 7, and 8 at Night. 
The height of the Pole (or Stile) above this Plain may 
be found by adding the Complement of the Latitude 
38 deg. 28 min. and 25 deg. the Reclination toge- 
ther, the ſumm whereof is 63 deg. 28 min. the height 
of the Stile, as before. 


The Third V ariety. 


CHAP. XVIII. 


How to draw the Hour-lines upon a Dire& North Reclining 
Plain, which interſe@s the Meridian between the Aquino- 
(tial and the Horizon. 


Let the Example be of a Direct North Plain, Reclining 
70 deg. in the Latitude of London 51 deg. 32 min. 


Irſt, Draw the Circle ES W R, repreſenting your 
| North Reclining Plain, and crols it with the two Dia- 
meters $Q RK, for the Meridian of the Place, and with 
E Q W, the Horizontal Line of the Plain. 

Secondly, Set the Reclination of the plain 70 deg.from 
S to 4, and from W to 6b. 

Thirdly, Lay a Rulerto E aid a, it will cut the Meridian 
in Z the Zenith, through which, and the points Eand W, 
draw the prime Vertical Circle E Z W. -— Alfo, lay 
a Ruler from E to b, it will cut the Meridian in N, the in- 
terſection 
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terſe&ion of the Meridian with the North part of the Ho- 
rizon, now through the points E N and W, deſcribe the 
Horizon of the place E NW. 

Fourthly, Foraſmuch as the Pole is diſtant from the Ze- 
mith of the place 38 deg. 28 min. (equal to the Comple- 
ment of the Latitude) ſet 38 deg. 28 min. from a, the 
point which gave the Pole Pto c, and laya Ruler from 
E to c, ſo ſhall it croſs the Meridian in P, the Pole of the 
World. 

Fifihly, Becauſe the A:quinoctial 1s 1n all places fituate 
go deg. tiom either Pole. Take go deg. in your Compalles, 
and ſet them off from c,(the pomt which gave the Pole P 
both ways,to e above,and to g below. So a Ruler laid from 
E tog, will cut the Meridian (it being extended) in X, 
without the lain, which ſhews that the North part of the 
Aquinoctial Circle lies below this Plain. Thercfore,lay a 
Ruler fromEtoe, and it will croſs the Meridian in X 
above, within the plain. So 1s Z the point where the Me- 
ridian, and the South point of the AquinoQtial will inter- 
ſe&, and through that point, and the points E and W, muſt 
the AquinoGtial E X W, be drawn. 

Sixthly, the Horizon, Pole and Xquinoctial, being thus 
projected, the thing required in this plain, is, The herght of 
the Pole above it, viz. P R, which may be found in this 
manner. Lay a Ruler from Eto P, and it will cut the 
plain in c, the diſtance from R to c meaſured upon the 
Chord, will be 71 deg. 32 min. whichis the height of the 
pole above this Reclining plain. —— Or the height of the 
pole above the plain may be found, by O__ plains 
Reclination 70 deg. to 38 deg. 28 min. the Complement 
of the Latitude, the Summ whereof is 108 deg. 28 min. 
which taken from 180 deg. the remainer will be 71 dep. 
32 min. as before. 

Laſtly, For the drawing of the Hour-lines,they are done 
1n all reſpects as thoſe before in South Erect Plains, only in 
this make the Elevation of the Stile 71 deg. 32 min. as you 

find it by yourprojeCtion. Your 
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Your Hour-lines being drawn, ered the Stile 71 deg. 
32 min. above the Meridian or Subſtile, letting it pointu 
to the North Pole, becauſe that pole above this plain is pl 
much elevated, and being this Plain is but 20 deg, raiſed 
above the Horizon, viz. the Complement of its Reclina- 
tion, the Plain is capable to receive all the hours from 4 
in the morning, to 8 at night, and therefore the hours of 
4 and 5 in the morning, and 7 and 8 in the evening, muſt 
be drawn through the Centre, as was done in the Vertical 
or Horizontal Dial. 


And thus have you had Examples of all the Varieties, 
both of Eaſt, Weſt, North, and South Reclining Plains, 
and no other can poſſibly fall out in any gy” 

M oever. 
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ſacver. The Inclining Plains gre the fame with the 
Recliners oppolite to them; and muſt be drawn in 
the ſame manner,as hath been (in ſome mcaſure)here- 
tofore hinted, and ſhall be more at Jarge diſcourſed 
of hereafter, when I have done with Declining Recli- 
ning Plains, of which I came now to treat. 


IV. Of Declining Reclining Plains. 
CHAP. XIX. 


S there were ſix Varieties of Dire# North and South 
Reclining Plains, (o alſo are there of South and North 
Declining Reclining Plaing, viz. Three Varieties of South 
Recliners Declining, and as many of North Recliners Decli- 
zing. For, in South Recliyers Declining, 

1. The Declination may be ſuch, that the South Reclin- 
ing Plain, may cut or fall upon the Meridian, juſt upon 
the Pole Point ; and ſuch Reclining Declining Plains, are 
called AquinoGial Decliners : Or, 

2. The Declination may be ſuch,that the Reclining Plain 
ſhall interfe& the Meridian between the Zenith of the place, 
and the Pole of the World: Or, 

3. The Declination may be ſuch, that the Reclining 
Plain ſhall craſs the Merigian betwcen the Pole and the 


Horizon. 


Theſe are the three Varieties of South Recliners Declining. 
Iz North Recliners Declining there are three other Varie- 
ties, For, 


1- The Declingtian may be ſuch, that the North Reclin- 


ing P lain may crols the Mleridiav in the point where the 
Aeqrineltia intgrſers the Meridian, And then ſuch Plains 


arc 
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are called Polar Declining Plains, becauſe the Poles of them 
lie in the Axis of the World, and the Subpik in ſuch 
Plains, will be always perpendicalar to the Meridian ofthe 
lace. Or, 

; 2, The Declination may be ſuch,that the Reclining Plain 
may interſe& the Meridian, berween the Zenith ard the 
HFEquinoGial. Or, 

3. The Declination may cauſe, that the Recliv 
may fall upon the Meridian, between the' AE aw 


the Horizon. 


Examples of all theſe Varieties follow. 


' Plain 
Jal avid 


— — —_——— - —— - —— — 


I. Of South Recliners. 
The Firſt Variety, 


CH AP. XX. 


How to draw the Hour-lines »pon' a South Reclining De- 
clining Plain, which cutreth the Meridian 7 the Pole 
Point. 


N Declining Reclining Dials, before the Hour-lines can 
| be drawn, Three things mult be given,and: Four things 
found 3 the things given are, 

1. The Latitude of the place. 
Data n The Declitmtion of the Plain. * 
3. The Plains Reclination. 


The Things required are, 


1. The diſtance of the'Meridian and Horizon. 
2. The height of the Pole above the Plain. 
Reſts J;. The diſtance of the Subſtile and Meridian. 
4+ The Plains —_— of Longitude, 
2 
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Let the Example be of 4 South Plain Declining Eaſt, 30 4. 


and Reclining 34 deg. 32 min. in the Latitude of Lon- 
don, 51 deg. 32 min. 


Firſt, Draw the Circle HAO R, and croſs it with 
the two Diameters H O, the Horizontal Line of the Plain, 
and A QR, the perpendicular Line of the plain, croſling 
each other at Right Angles in Q the Centre of the Plain, 


c 


bl” 


uv 
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Secondly, Becauſe the Plain Reclined 34 deg. 34. min. 
Take 34 deg-34 min.from your Line of Chords, and {et them 
upon your plainfrom A to 4, from H to b, ancl trom KR to c. 

Thirdly, Lay a Ruler from O to «,and it will cutthe per- 
pendicular Line of the Plain in Z the Zenith of the place. 
Allo a Ruler laid from O to b,will cut the plains perpendi- 
cular in K, the interſeCtion of the Horizon of the place, 
with the Plains perpendicular. And a Ruler laid from O 
toc, will cut the perpendicular of the plain A R (itbeing 
extended) in N the Nadir point. Having found thele points 
upon the perpendicular Line of the Plain, 

Fourthly, Through the points H K O,draw the Horizon 
of the place. And, 

Fifthly, Becauſe the Plain declines 3o deg. Eaſtward, 
take 3o deg. out of your Chord, and ſet them from R to 
d, and from O toe; and laying a Ruler from Z. the Ze- 
nith to e,it will croſs the Horizon in E,the Eaſt point therc- 
of, and the Ruler laid from Z to d, will croſs the Horizon 
in S the South poiut thereot, ſo have you found :three 
points, viz. Z Nand S, through which you may draw the 
Meridian , whoſe Centre you may find, as hath been 
before taught : Or in this manner 3 

Divide the ſpace between Z and N in two equal parts 

in C, and through C draw the line C D parallel to 
QO, extending it, as you ſhall have occalion, Alto 
from Q , through E draw another Right Lme QE, 
extending it,as occaſion thall offer; the point of thote 
two lines inter(eCtion, is the Centre of the Meridian, 
Which being drawn, 

Sixthly, Lay a Ruler from E the Eaſt point of the Hort- 
zon to T the Zenith, and it will cut the Plain in bh. And, 
becauſe the Pole of the World is diſtant from the Zenith 
38 deg. 28 min. «qual to the Complement of the Latitude, 
{ct 38 deg.28 min.trom / vnon the Plain,and it will fall jult 
upon P,which is the point Ifthe plains interfettion with the 
Meridian, which dem9-1'tr itcs rhe pole to have no elevation 
above ihe plain,and ſu the plain ro be Af quinoTial Declining, 
Seventbly, 
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Secenthly, Draw the Line P Q L for the Axis of the 
World, and, becauſe the Aquinottial Circle is in all parts 
diſtant from either Pole go deg. ſet go deg. from P or L, 
to X; and through Q , draw the Line A Q x, for the X- 
quinoctial Circle, which is here a ſtrait Line,and being ex- 
tended, would paſs through the Centre of the Meridian, 
and alſo through the Eaſt and Weſt points of the Horizon, 
as it ought to do. 

The Scheme being thus projected, the four Requiſites 
from it are cafily obtained. For, 

1. To find the diſtance of the Meridian, and the Horizon 
O P. The Arch O ÞP meaſured upon your Line of 
Chords will contain 71 d.53 min. thediſtance required, 

2. The height of the Pole above the Plain (the point P) 
oo deg 00 min. therefore it is an Aquinoctial Declin- 
ing Plain. 

3. The diſtance of the Subſtile and the Meridian, the point 
P alſo. Therefore that, as alſo all the hours, muſt be 
parallel to the Subſtile. 

4. To find the Plains difference of Longitude,Q P B. Lay 
a Ruler from P to B, and it will cut the plain in », 
the diſtance L »» meaſured upon your Chord, is the 
plains difference of Longitude 24 deg. 19 min. 

Theſe Requiſites being thus found, will now ſhew. 


How the Hour-lines are to be drawn ujon the Plain. 


Firſt, Draw a Line as B A Cfor the Horizontal Line of 
your plain, and upon any convenient point therein, as «4 
on A, with 60 deg. or the Radius of your Line of Chords, 
deſcribe the Semicircle BD C; 

Secondly, From your Line of Chords take 71 deg. 53 m. 
the diſtance of the Meridian and Horizon, and ſet them 
from B to D, and draw the Line A D for the Subſtile. 

Thirdly: Take 24 deg, 19 min. the plains difference of 
Longitude, andſct that diftancefrom 65 to E,and draw the 
ImeAE. Fomrthh, 
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. Fourthly, Divide the Semicircle BD C to 12 cqual 
parts at the points © © © &&e. beginning the diviſion at 
the point E. 


A South Pliin D-clining Exſt 30d. Reclining 34 d. 32 1. 
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Fifibly, Through the point O, (or any other point ta- 
ken at all adventures in the Subſtilar Line) draw a Line 
M ON at right Angles (or perpendicular )to the Subſtilar, 
repreſenting the Aquinottal. 

Sixthly, Lay a Ruler from A, and every of the points 
© © © &#. in the Semicircle, and it will crofsthe Xqui- 
no:tial in the points *** exc. 

Laſtly, If through theſe points * ** &c. you draw right 
lincs parallel ta the Subſtilar, they ſhall be the true Hour- 
lines belanging to your plain, the hour-linc of 12 being that 
where you began to divide your Scemicirele, that is, at the 
mark (or *) which was made from the point F, 

For the Stile of this Dial, it may be either a (trait pin 
or Wire, af the juſt length of the line A O, erected per- 
pendicularly upon ſome noint of the Subſtile(as at A or O) 
the very top of the ſhadow thereof giving the hour among 
the Hour-lines upon the Dia). 4 
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Or &lſe the Stile may be a Plate of Braſs or Iron of the 
breadth of A O, ſet perpendicular to the Plain, upon the 
Subſtilar Line A O D, the ſhadow of whoſe upper edge 
ſhall give the true hour of the day. 


The Second V ariety. 
CH AP. XXI. 


How to draw the Hour-lines »por a South Reclining Plain, 
Declining Eaſt or Weſt, which paſſeth between the Zenith 
and the Pole. 


| this, as in all other Decliners Reclining, three things 
muſt be known, and four muſt be found before the 
drawing of the Hour-lines. 


Let the Example be a South Reclining Plain, Declining 
Eaſt 30 deg. and Reclining 20 deg. in the Latitude of 
51 deg. 32 min. London, 


I. Latitude of the place 5T 32 
Data v Declination South Eaſt 30 O©o 
.3. Reclining South | 20 OO 


I. The diſtance of the Meridian and Horizon. 
neſita Y; The height of the Pole above the Plain. 
N 3. The diſtance of the Subſtile and the Meridian. 
4. The Plains difference of Longitude, 


Firſt, Deſcribe the Circle HAO R, repreſenting your 
Reclining Declining Plain, and croſs it at right Angles, 
with the two Diameters A R, for the perpendicular, and 
H O for the Horizontal Line of the Plain. 

Secondly, 
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Secondly, Take 20 deg. the plains Reclination, out of 
your Chord, and ſet them from A to 4, from O to b, and 
trom R toc. 
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Thirdly, A Ruler laid from H to a, will give you Z the 
Zenith, and laid from H to b, will give you K the inter- 
ſe&ion of the Horizon, with the perpendicular line of the 
Plain. And the Ruler laid from H toc, will give you N 
the Nadir,then through the points H, K and O,draw the Ho- 
rizon HK O. 

Fourthly, Take 30 deg. the Plains Declination out of 
your Line of Chords, and ſet them from R to 4 Weltward, 
(becauſe the plain declines ——_ and alſo fromO toe, 
{9 a Ruler being laid from Z to e,ſhall cyt the Horizon yo. 

N the 
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the Eaft point thereof, and laid-from..Z to d, ſhall cut the 
Horizon in S the South point:thereof. Thus have youthree 
points Z, S and N, through which to draw the Meridian 
Circle, which you.may extend without the plainto ÞP and 
N, occaſion ſometimes requiring, it ſhould be fo. 

Fifihly, Foraſmuch as-the Pgle of the World is always 
diſtant "db the Zenith, equal to the-Compiement of the 
Latitude of the place, as here at London g8 deg. 28 min. 
Lay a Ruler from E to.Z,and it will cut theplainin h, from 
whence ſgt 38 deg. 28 min. ty k. So a Ruler \laid from E 
to k, will cut the Meridian (extended) in the point P, the 
North Pole of the World. Ard a Ruler laid frgm P to 
Q, ſhall croſs the Meridjan.an E, the South gle, and 


the Ljpe P Q L ſtull.be-the ,Aivpt the Wort; 
ST -Fke 92 deg-vf 139 horde oral them 
from k the-point, which Found the Pole at P to»: Soa 


Ruler aid from Eto », ſball:cut the Meridian in/B,through 
which pajnt, and through the point E, the Aquinoctial 
Circle muſt be deſcribed, whoſe:Centre will Be 1n the Ax- 
is P L extended,and the mannerhow to find it, hath becn 
ſeveral times already diſcovered. 

The Horizon, Meridian, and AtquinoGial Circles being 
thus deſcribed upon your Plain, by their inter{<Ctions,and 
diſtances, the four Requilites belonging to this Declining 
Reclining Plain may be obtained. As, 

1. To find the diſtance of the Meridian and Horizon H V. 
The diſtance H V upon the Plain, meaſured upon the 
Line of Chords, will. contain 78 deg. 50 min. the di- 
ſtance. of the Meridian and Horizon. 

2. To find the beight of the Pole or Stile abore the Plain 
LC. Set go deg. from c to b, then lay a Ruler frum 
b to L, and it will cut the Plain at m,thediſtance from 
c to #1,raeafured upon your Chords, will contain 13 d. 
40 min. the height of the Pole or Stile above the 
Plain. 

3. To find the diſtance of the Subſlile from the Meridian 


Vc, 
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V c, meaſure the diſtance YV cupon'the Line of Chords, 
and it will contain 7 deg. 3o min. the diſtance re- 
quired, 

4. To find the Plains difference of Longitude, B L D. Lay 
a Ruler from L to B, it will cut the Plain in h, ſothe 
diſtance þ O meaſured upon the Line of Chords, will 


contain 28 deg. 52 min. the Plains difference of Lon- 
gitude, 


Thus are the four Requiſites belonging to this Plain 


found, and in this Example, two things are very obſer- 
vable. 


1. Whereas P the North Pole of the World, falls with- 
out” the phain, and the point L, repreſenting the 
South Pole falls within the plain, it-denotes, that the 
Sonth Pole miſt-be elevated. 

. In repe& that theLine or Arch-L c,which is the height 
of the Stile or pole above the plain, is but of ſmall 
Quantity, wiz. 13 deg. 40 min. it will from thence 
follow, that the AEquinoG#ial's Centre will be very re- 
mote, and that the Hour-lines neat to the Snbſtile 
will be very clofe,. ſo that in ſmall Dials their diſtan- 
ces one from another'will be infenſible; and there- 
foreyou may ſave the labour of deſcribing the Xqui- 
no@ial Circle, and be ſatisfied in finding of the point 
B, by which the plains difference of Longitude is 
found For, in ſuch caſes as this, the Plains diffe- 
rence of Longitude, the diſtance of the Meridian from 

the Horizon, and of the Subſtiles diſtance from the Me- 
ridian,.and the height of the Pole above the Plain being 
gained 3' you may proceed to draw the Dial as follow- 
eth, not much differirig from the drawing of the Up- 
right far declining Dial Chapter VIIL. 


How to draw the Hour-lines upon the Plain. 
Pirft; Draw-a-right Line A B C, fotthe- Horizontal _ 
N 2 
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of your Plain, and aſſume any convenient placetherein, as 
B for a Centre; upon which point, with 60 deg. of any 
large Line of Chords, [ For it-4s neceſſary, not only in this, 
but for divers other occaſpons, #0 have ſeveral Lines or Scales 
of Chords upon your Ruler) deſcribe the Arch of the Circle 
A D. Upon this Arch, from A to D, ſer 78 deg. 50 min. 
the diſtance of the Meridian from the Horizon, and note 
the point D, but you need not draw the Meridian Line. 


South Declining Eaſt 30 deg. Reclining 20 deg. 
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A, 
Secondly: 
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Secondly, From D to E ſet 7 deg. 3o min. the diſtance of 
the Subſtile from the Meridian, the ſame way as you find it 
to lie in your projection, and draw the Line BE for the 
Subſtile. Alſo, upon the fame Arch, ſet off 13 deg 40 m. 
the height of the Stile from E to F, and draw the line B F 
for the Stile. Which being but of ſmall Elevation, viz. 
13 deg. 40 min. _—_ to be augmented; and therefore(at 
any convenient diſtance (ſuitable to the bigneſs of your 
Dial-plain) draw a line as G H, parrallel to B F, for your 
augmented Stile or Axis, 

irdly, Through any two points taken at adventure,in 
the Subſtilar line, as K and L, draw two righ lines perpen- 
dicular, or at right Angles to the Subſtilar, as the Lines 
MK N, and O LP. Then from the point K, take the leaſt 
diſtance to the augmented Stile G H, and'ſet that diſtance 
upon the Subſtilar K to Q. Allo from the point L, 
take the neareſt diſtance to the augmented Stile G H, and 
ſet that diſtance upon the Subſtilar from L to R. 

Fourthly, Upon the points Q and R, as upon two Cen- 
tres, with 60 deg. of any of your Chords, deſcribe two 
Semicircles (or other portions of Circles) and in either of 
them ſet 28 deg. 52 min. from V to T upon one of them, 
and from X. to $ upon the other. 

Fifthly, Lay a Ruler from Q to T, and it will cut the 
Tangent Line in Y: Allo lay a Ruler fromR to $, it will 
cut the other Tangent line in Z, and a right line drawn 
through the points Y and Z, ſhall be the Hour-lineof 12. 

Sixthly, At the points S and T, begin to divide the (cve- 
ral Semicircles in 12 equal parts or hours, by taking 15 d. 
of your Chord, and ſetting them from $ and T both ways, 
at the points © © © exec. fo many times as the plain will 
receive Hour-lines. 

Seventhly, Lay a Ruler from the points Q_ and R, to 
every of the points © © ©' ec. in their reſpetive Semi- 
circles, and it will croſs their ſeveral Tangent lines in the 
points * ** 4, 

Loſth, 


94 Geometrical Diallinp. 


Laſtly, Through the points * * *, in both the Tangent 
lines, draw right lines, each to his correſpondent, which 
the Hour-line of 12 will dire&t you howto do, and thoſe 
{ball be the true Hour-lines of your Plain. 

For the Stile of this Dial, it may be'either of Wire, or 
Plate, containing an Angle equal to the height of the Pole 
above the Plain, but it muſt be augmented'anſwerable to 
the augmented Stile, as you ſee in the Figure, and muſt be 
ſet in its proper place upon the Subſtilar line, and alſo per- 
* or ſ{quare to the Plain, and fo1s this Dial finiſh- 
ed. 


The Third V ariety. 


CHAP. XXII. 


How to draw the Hour-lines upon a South Reclining Plain, 
Declining Eaſt or Welt, which interſe&#s the Meridian be- 
tween the Pole and the Horizon. 


Et the Example for this third and laſt Variety of South 
+ Declining Reclining Plains, be of a South Plain De- 
clining Eaſtward 30 deg. and Reclining 55 deg. in the La- 
titude of 51 deg, 32 min. viz. London. 


deg. min, 

The Latitude of the Place $2 322 

Data ; The Declination Eaſtward Ro > 
The Reclination 55 ©0O 


The diſtance of the Meridian from the Horizon. 
Queſita The height of the Pole or Stile above the Plain. 
The Subſtiles diſtance from the Meridian. 
The Plains difference of Longitude, 
Firſt, 
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Firft, Draw the Circle A HR O, for your Reclining 
Declining Plain, and croſs it with the two Diameters A R 
the Vertical, and H O the Horizontal line of the Plain. 

Secondly, ſet 55 deg. the Plains Reclination from A to «, 
and from O to b. 


['T. P 

Thirdly, Lay a Ruler from H to a, and it will give you 
Z the Zenith, and laid from H to 6, it will give you K,the 
point of the Horizons interſection with the Plains Ver- 
tical Line. So have you three points H K and O,through 
which to detcribe the Horizon of the place H K O-. 

Fourthly, Set 3o deg. the Plains Declination fromR to c 
Wettward, (becauſe the Plain declines Eaſtward and from 
Otod. Soa Ruler laid from Z toc, ſhall give yous, the 
interſeCtion of the Meridian with the South point of the 
Horizon. And the Ruler laid from.Z tod, ſhall give you E 
the Eaſt point of the Horizon. 

Fifthly, Having the Points S and Z, through them you 


may 
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may draw the Meridian Circle L S Z P, as hath been al- 

ready ſeveral ways taught, the Centre whereof will fall in 
the Line Q E being extended. 

Sixthly,Lay a RulerfromE to Z, andit will cut the Plain 
in e, from which point e, ſet 38 deg. 28 min, to f, anda 
Ruler being laid from E to f, ſhall give the point P, upon 
the Meridian Circle, for the Pole of the World. And a 
Right Line drawn from P through Q , ſhall be the Axis of 
the World, and the Subſtilar line of the Dial. 

Seventhly, Set 9o deg, from f to h, (becauſe the Atqui- 
nodial Circle is in all places go deg. diſtant from either 
Pole, P or L.) So laying a Ruler from E to h, it will give 
you the point B in the Meridan,through which, and E, the 
Eaſt point of the Horizon, the /EquinoTial Circle muſt 
paſs. And may be drawn as in former Examples, the 
Centre thereof being in the Axisof the World, P Lextend- 
cd. 

Theſe three principal Circles, viz. the Horizon, Meridi- 
an and HiquinoGial, being deſcribed, according to their 
true Situations upon the Plain, the ſame forementioned Re- 
quiſites may from thence be eahly deduced, as follow- 
eth. | 

1. To find the diſtance of the Meridian from the Horizon 
OC. The ArchO C, meaſured upon the Line of 
Chords, will contain 64 deg. 41 min. The S»bſtiles 
_—_ the Meridian. 

0 find the height of the Pole or Stile above the Plain 
P D. Set go deg. from D to &, and lay a Ruler from 
£toP, it willcut the Plain in »w, the Arch D zz mea- 
ſured on the Line of Chords, will contain 19 deg. 
25 min. The height of the Stile. 

3. To find the Subſtile's diſtance from the Meridian C D. 
This Arch meaſured, will contain 6 deg. 2 min, The 
—_ of the Subſtile from the Meridian. 

4. The Plains difference of Longitude BPQ. A Rulerlaid 
from P to B, will cut the Plain in 4. So the diſtance 

Fk 
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F k meaſured, will be 17 deg. 38 min. The Plains 
difference of Longitude. 

Theſe requiſites being thus found, you may proceed to 
draw the hour-lines in this as in other Plains. Firſt, by 
laying a Ruler upon P the Pole of the World, to B, in the 
interſcCtion of the Meridian and EquinoGial, which will 
cut the Plain in k, at which point, begin to divide the Se- 
micucle.into 12 equal parts, And fromQ , to each of 
ther, lay.a Ruler croſling the /quinoGial Circle, and di- 
viding that into 12 unequal parts, to which unequal parts 
of -the /Equinogial, a Ruler Jaid, it will divide the Plain 
into 12 other unequal parts, through which, and the Cen- 
tree Q , right lines being drawf, they ſhall be the true hour- 
lines proper for the Plain. 

But in this Example, the Elevation of the Pole or Stile 
above the Plain,being but of an indifferent Elevation,v7z. 
19 deg. 25 min. you may. (if you pleaſe) draw the Hour- 
lines by one Tangent line, and the Centre, as was ſhewed 
in the Second Variety. of Dire& South Reclining Plains ; 
and as here followeth. 


How to draw the Hour-lines npon the Plain. ,- : ©, 


Firſt, Upon your Plain,towards the bottom thereof (be- 
cauſe the North Pole is here clevated) draw a_right line 
A B, parallel to the Horizon, and aſſume A for the Centre 
of your Dial, upon which point, with 60 deg. of your 
Chord, deſcribe an Arch of a Circle B E, upon which trom 
B, ſet the diſtance of the Meridian and Horizon, 64 deg. 
41 min. to C, and draw the line A C for the Hour-line of 
12. Alſo, upon the ſame Arch from C to D, ſet 6 deg. 
2 min, the diſtance of the Subſtile from the Meridian ; and 
draw the line A D for the Subſtilar. Again, upon the ſame 
Arch, ſet off 19 deg. 25 min the height of the Stile from 
D to E, and draw the Line D E for the Axis of the 
Stile. 

Q R Secondly, 
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A South/ Plain Declining Eaſtward 30 deg. and Re- 
clining 55 deg. 


od 


Secondly, Upon any part of the Snbſtilar Line, aſſume 
any point at pleaſure. As F, through which draw the right 
line G F H perpendicular to the Subſtile. 

1khirdly, From the point F, take the nearcſt diſtance to 
the Axis of the Stile, and ſet that diftance upon the Sub- 
{tilar Line from F to O, and upon the point O with 
60 deg. of your Chord, deſcribe the Semicircle M L N. 

Fourtbly, Lay a Ruler from O toK (the point where the 
Tangent (or Az&quinoGjal line) crofleth the Meridian ) and 
the Ruler will cut the Semicircle in L, at which pointbe- 

_ 


gin todivideitinto 12 equal partsinthe points © © © e$«. 

Fifthly, Lay a Ruler from O the Centre of the Semicir- 
cle tothe ſeveral points © © © in the Semicircle, and the 
Ruler will cut the Tangent line in the points * * * &+c; 

Laſtly, if from the Centre A,throughtheſe points*** e*c. 

'0u draw right-lines, they ſhall be the proper Hour-lines 
Lledging to your Plain. 

For the Stile it may be either of Plate or Ware, clevated 
above the Subſtile to an Angle of 19 deg. 25 min. and ſet 
up perpendicularly upon the Sub(tilar, as in all other Dials. 
And thus havel done with all the Varieties of South De- 
clining Reclining Plains. 


— 


IT. Of North Recliners. 
The Firſt Variety. 
CHAP. XXIIL 


ei 


How to draw the Hour-lines upon a North Reclining Plain, 
Declining Eaſt or Welt, which cutteth the Meridian at 
the InterſeFion thereof with the XquinoCtial, 


Et the Example be of a North Plain Declining to the 
'B Welt 60 deg. and Rechning from the Zenith 32 deg, 
11 min. in the Latitude of London 51 deg. 32 min. 


deg. min. 
1. Latitude of the Place 93 nn 
Data n Declination of the Plain North Welt 60 ©0 


3- Reclining North an. 4 


O 2 Oneſita 
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I. The diſtance of the Meridian and Horizon. 

2. The heightof the Pole or Stile above the Plain. 
Rueſita 3. The diſtance of the Subſtile and the Meridian. 

4. the Plains difference of Longitude. 


Weſ deg. min. 
Declining We 60 00 
North err. 6 28 


: Foy? 4 8 j 


ut es 


0 
ht 
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Pirp, Deſcribe the Circle AH CO, for the — 
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Reclining Plain ; croſs it at right Angles with the two Dia- 
meters H O for the Horizontal, and A C for the Vertical 
line of the plain. 

And here forVaricty, more than for neceflity, in theſe 
three following Examples of North Recliners Decli- 
ning, I will (in the ſeveral Schemes) place the Zenith 
and pole down wards, becauſe the Stile in all theſe 
Dials muſt point upwards, the North pole being al- 
ways elevated, and in ſo doing, the Hour-lines, Stile 
and Subſtile will ſtand in the Scheme as they are toſtand 
in the Dial. and the manner of Work will be the 
ſame as before, Wherefore, 

Secondly, Set 32 deg. 11 min. the plains Reclination, 
from O to a, and from C to b. A Ruler laid from H to a, 
{hall give you the point B,through which, and the points H 
and Q, the Horizon H BOisto be deſcribed. And a Ruler 
laid from H to b, ſhall give you Z the Zenith point. 

Thirdly, Set 60 deg. the plains Declination from A to d, 
a Ruler laid fiom Z the Zenith, to d, ſhall cut the Horizon 
in S the South point thereof. Thus have you two points 
Z and S,through which to draw the Meridian, whoſe Cen- 
tre will be in the lineQ E extended, and may be found as 
formerly is taught, 

Fourthly, The Horizon and Meridian being thus drawn, 
lay a Ruler from E to Z,and it will cut the Plain in e, and 
ſccing the pole 1s 38 deg. 28 min. diſtant from the Zenith, 
{ct 38 deg. 28 min. from e to F,and a Ruler laid from EtoF, 
will cut the Meridian in P the Pole of the World, 
through which point P, and the Centre Q, draw the line 
P Q for the Axis of the World, and Sublitile of the Dial. 
And again, becauſe the Aquinottialis go deg. from the Pole, 
ſet 90 deg. from F, and they will reach juſt to A or eonei- 
ther (ide, which are the very points that the plain cuts the 
Meridian in, and through which points, and the pontE,in 
the Horizon,the Aquinoctial Circle muſt paſs; whoſe Centre 
will always bein the the Axis of the World Þ Q extended. 


The 
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The Horizon, Meridian and Hiquino@ial being thus drawn, 

you may find the four Requiſites in this manner. 

1. To find the diſtance of the Meridian from the Horizon 
AO. The Arch X O meaſured by your Line of 
Chords, will be found to contain 47 deg. 18 min. 
which is the Subſtiles diſtance from the Meridian: 

2. To find the keight of the Pole or Stile abote the Plain 
P F. A Rulcrlaid fiome to P, will cut the Plain in O, 
ſo the diſtance F O 42 deg. 52 min. is the height. of 
the pole above the Plain. 

3. Te diſtance of the Subſtile from the Meridian & G, 
which meaſured upon your Chord, will be found to 
contain juſt go deg. 

4. The Plains difference of Longitude G P &, or the Arch 
£ G, as before alſo go deg. jult. 

In this Scheme two things are remarkable, 

1. The Plains cutting the Mettdian in its interſeQion, 
with the Aquinodctial. And, 

2. The Axis of the World paſting through the Eaſt point 
of the Horizon , both which denote the Plain to be 
polar Declining, and the Subſtile to be the ſame with 
the Hour-line of 6. And the Hour-line of 12 at right 
Angles thereto, whercfore the Hour-lines may be 
drawn, as followeth. 


To draw the Hour-lines npon the Plain. 


Firſt, Lay a Ruler fromP to X, where the Meridian 
and ZEquinodial interſect, which 1s upon the plain at the 
very point XZ, wherefore there begin to divide the Semj- 
circle A} G £, into 12 equal parts at the points © © © e$c, 

Secondly, Lay a Ruler to Q, and every of the points 
© © © exc. and it will cut the Xquinodual in the points 
*** &-c. dividing that into 12 unequal parts. 

Thirdly,A Ruler laid toP,and the ſeveral points * * * e$c. 
in the ZquinoQtal, will cutthe plain in the marks | [] Oc, 


aſtly, 
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Laſtly, ARuler laid fromQ to theſeveral marks [|] &&c. 
and (trait lines drawn thereby, ſhall be the true Hour-lines 
fitting this polar Decling Plain. 

For the Stile, 1t muſt beaPlate or Wire ſet upright up- 
on the Subſtilar to an Angle of 42 deg. 52 min. and muſt 
point upwards to the North Pole. 


—— 


The Second V ariety. 
CHAP. XXIV. 


How to draw the Hour-lines »pox a North Reclining Plain, 
Declining Eaſt or Weſt, the Plain paſſing through the Me- 
ridian, between the Zenith and the AquinoCtial. 


N this (as in the former Examples) three things muſt be 
given, and four found, before the Hour-lines can be 
drawn. 


deg. min. 

r. Latitude of the place os 20 

Date 3 2. TheDeclination ofthe Plain North W. 60 oo 
.3. The Plains Reclination 16 oo 


1. Thediſtance of the Meridian from the Horizon. 
Qnefta d7 The height of the Pole orStile abovethe Plain. 

3. The Subftile diftance from the Meridian. 

4. The Plains difference of Longitude. 


* Firſt, Deſcribe the Circle AH C O for the plain, and 
croſs it with the Diameters A C, and H O,forthe Horizon- 

tal and Virtical lines thereof. ; 
Secondly, (As in the laſt Example,)fer 16 deg. the —_ 
Cll=- 
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A North Dial { pecpnnns 
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lr 
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Reclination, from O to 4, -and from C to b, a Ruler Jaid 
from H to a, ſhall give the point B. through which, and 
the points H and Q, the Horizontal Circle H B O is to be 
deſcribed. Alſo a Ruler laid from H to b, ſhall find the 


Zenith point of Z. 
Thirdly, 
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Thirdly, Set the plains Declination 60 deg. from Ato d, 
and from H to e : So a Ruler laid from Z to d,(hall cut the 
Horizon in S the South, and laid from Z to e, ſhall cut it 
in E the Eaſt point thereof ; and now having two points Z 
and S, through them you may draw the Meridien Circle, 
as hath been already taught. 

Fourthly, Lay a Ruler from E to Z, it will cut the Plain 
in F, and 3o deg. 28 min. the Complement of the Latitude 
of the place, ſet from F tof, and a Ruler laid from E to f, 
will cut the Meridian in ÞP the pole of the World, and god. 
more, being ſet forward from f to #s, and a Ruler laid 
from Eto w, will cut the Meridian in Z,the Xquinoials 
interſection with the Meridian 3 fo have you two points A 
and E, through which the /EquinoeTial Circle muſt paſs,and 
a _ line drawn through P the pole of the World, and 
Q the pole of the Plain, will be the Axis of the World,and 
the Subſtilar line of the Dial. 

Theſe three Circles, viz. the Horizon, Meridian, and A&- 
quinoFial being deſcribed, the fore-mentioned four Requi- 
lites may from thence be cafily obtained. For, 

I. The diſtance of the Meridian from the Horizon, is the 

Arch F H, 64.deg. 29 min. ; 

2. The height of the Pole or Stile above the Plain PR. A 
Ruler laid from e to P, will cut the plain in # : So 
the diſtance R » meaſured, will be found to be 3o d. 

9 min. 

3. The Subſtiles diſtance from the Meridian is the Arch 
I'M, 64 deg. 26 min. 

4. The Plains difference of Longitudeisthe Angle A PQ, 
which to find, lay a Ruler from Pto A; and it will 
cut the plain in D, the diſtance D I meaſured upon 
the Lineof Chords, will give 76 deg. 10 min. for the 
Plains difference of Longitude. — 


To draw the Hour-lines upon the Plain. 
P Firſt, 
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Firſt, Lay a Ruler upon P the Pole of the World, and 
A, the interſe&tion of the Meridian with the Horizon, and 
it will cut the plain in D, at which point begin to divide 
the Semicircle & I »» into 12 equal parts, at the points 
© © © he. 

Secondly, Lay a Ruler fromQ to the feveral points 
© © © ehc. andit will divide the Xquinoctial Circle in- 
to 12 unequal parts in the points * ** exe. 

Thirdly, A Ruler laid from P to every of theſe unequal 
parts *** 54, will cut the plain in theſe marks | | ] ec. 
dividing that into 12 other unequal parts. 

þ, If you draw right lines from Q , through every 
of theſe marks | ] | &c. they ſhall be the true Hour-lines 
belonging to your Plain. 

The Stile may be either of Wire or Plate as im other 
Dials, and mult be elevated above the Subſtxe,to an Angle 
of 30 deg. 59 min. and muſt ftand ſquare, or at Right An- 
gles to the plain. 


The Third V ariety. 


CH AP. XXV. 


How to draw the Hour-lines upon a North Reclining, or In- 
clining Plain, Declining Eaſt or Weſt, which mterſeds 
the Meridian between the AquinoQal a»d the Horizon. 


Et this third and Iaft Example of North Recliners De- 
clining, be of a North Phin, Reclining 54 deg. and 
Declining Weſtward 60 deg. in the Latitude of London 
51 deg. 32 min. | 
This being the third and laſt Variety of Declining Re- 
—_—— I ſhalt be fomewhat the larger in the proje- 
Rtion thereof,than I have been inany of the foregoing z w 
e'\ ut 
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but that this Dial is tobe made in all refpets likeC(and with 
the ſame eaſe) as the former. But herein I ſhall ſhew at 
large the manner of projettion, and how all the Centres are 
Geometrically found, and the reafons of their being in ſuch 
and ſuch lines, and at fuch and ſuch diſtances. And alſo, 
I ſhall project all the Hour-lines belonging to the Plain 
upon the Plain it (elf by circular Lines, by which means 
the Reader may attain to a more competent knowledge 
in what hath been heretofore in this Treatiſe delivered. 
For from this projettion following, all the aforeſaid hath 
been deduced. And therefore I ſhall deſcribe the manner 
of the delineating of this Dial, according to the following 
Propoſition. 


—_— — 


PROPOSITION. 


A Circle being deſcribed, repreſenting a Declining Reclining 
Dial-Plain ; how thereon to place the Meridian, Horizon, 
Aquinottial, Pole, Zenith, &-c. with all other Requilites 
belonging to ſuch « Dial. And alſo, to proje# the Meridi- 
ans of the Sphere it ſelf upon the Plain, and from thence 
to draw the Hour-lines upon the Dial-plam, according to 


their true Situation. 


Et the Circle HS O B, repreſent a Dial-plain in the 
. Latitude of Londor: 51 deg, 32. min. Declining from 
the North towards the Welt 60 deg. oo min. and Recli- 
ning from the Zenith Northward 54-deg. oo min. 

irft, Croſs the Circle: with the 'two Diameters H O, 
and $ B, cutting each other at Right Apglesin the Centre 
Q. And becaule the plain reclineth 54 deg, 30 min. take 
54 deg. 30 min. out of your Line of Chords, and ſet that 
diſtance upon your plain, frm $10 4, from O to b, and 
fom B toc: Thenkya | TRA EET. 

2 | [ 
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I ſhall project all the Hour-lines belonging to the Plain 
upon the Plain it ſelf by circular Lines, by which means 
the Reader may attain to a more competent knowledge 
in what hath been heretofore in this Treatiſe delivered. 
For from this projeQtion following, all the aforeſaid hath 
been deduced. And therefore I ſhall deſcribe the manner 
of the delineating of this Dial, according to the following 
Propoſition. 


PROPOSITION. 


A Circle being deſcribed, repreſemting a Declining Reclining 
Dial-Plain; how thereon to place the Meridian, Horizon, 
Aquinotial, Pole, Zenith, &-c. with all other Requilites 
belonging to ſuch « Dial. And alſo, to projet the Meridi- 
ans of the Sphere it ſelf upon the Plain, and from thence 
to draw the Hour-lines upon the Dial-plain, according to 
their true Situation. . 


Et the Circle HS O B, repreſent a Dial-plain in the 
'B Latitude of Londor: 51 deg. 32, min. Declining from 
the North towards the Welt 60 deg. 00 min. and Recli- 
ning from the Zenith Northward 54 deg. oo min. 

irft, Croſs the Circle with the two Diameters H O, 
and $ B, cutting each other at Right Angles in the Centre 
Q. And becaule the plain reclineth 54 deg, 30 min. take 
54 deg. 30 min. out of your Line of Chords, and ſet that 
diſtance upon your plain, frm $10 4, from O to b; and 
fom B toc: Thenhky a : XIE ems 

2 | t 
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the LineSBin Z, fo ſhall the point Z be the Zenith of the 


lace. 

4 Secondly, Lay a Ruler from H to b, it will cut the Line 
S Bin k, fo ſhall k be a point inthe lineS B, through which 
the Horizon ſhall paſs: And thus having three points H k O, 
you may through them deſcribe the Horizon, whoſe Centre 
will be at zx, the diſtance »: k, being equal to the Secant of 
the Complement of the Reclination of the Plain; namely, 
36 deg. Or Geometrically thus. Draw the right line 
& O, which divide into two equal parts in », and upon the 
point #, raiſea perpendicular » #1, extending it til] it cut the 
line S Bin mx, ſo ſhall #2 be the Centre of the Horizontal 
Circle H kO. 

Thirdly, Lay a Ruler from H to c,it will cut the line SB 
(beingextended)in the point N,ſo (hall N be the Nadir point. 

Fourtbly, Becauſe the Plain declines 60 deg. from the 
North Weſtward; ſet 60 deg. fromB tod, and laying a 
Ruler to Z the Zenith, (which is alſo the Pole of the Hori- 
20n )to d, it will cut the Horizon in S,through which point 
the Meridian muſt pals. 

Fifthly, Take (always) go deg. of your Chord, and ſet 
that diſtance from d to e, and layinga Ruler from Z toe, it 
will cut the Horizon in W the Welt point thereof, and a 
line drawn from W, through Q the Centre of your plain, 
will cut the Horizon (if you extend it as here 1s done) in 
E, the Eaſt point thereof, and in ſome part of thisline (<x- 
tended if need require) will the Centre of the Meridian bes 
and wherethat point will fall may be thus found, 

Sixthly, Divide the line Z N into two equal parts in F, 
and upon F ere the perpendicular F D, cutting the Line 
Q W (extended)in D, fo ſhall D be the Centre of the Me- 
ridian of the place. 

Seventbly, If with your Compaſles you take the diſtance 
D/P, and with that extent upon D,as a Centre, dcſcribea 
Circle, you ſhall-find that Circle exaCtly topals through the 
-reſpeCive points Zand N,if there be no formererrour com- 
mittedin your work. Eighthly, 
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Eighthly, Becauſe the height of the Pole above the Ho- 
rizon, is equal to the Latitude of the place, ziz. at Lon- 
don 51 deg. 32 min. ſet off 51 deg. 32 min. upon the Me- 
ridian from Sto P, in this manner. 

Ninthly, Lay a Ruler from W, the Weſt point of the 
Horizon, (which is alſo the Pole of the PR toS and 
it will cut the Plain in hþ,then ſet 51 deg 32 min. from htof. 
A Ruler laid from W to f, it will cut the Meridian in P, 
ſo is Þ the Pole of the World, diſtant from Z the Zenith, 
38 deg. 28 min. and a Line drawn through P the Pole of 
the World, and Q the Centre of the Plain, will be the 
Axis of the World, and (extended) will cut the Meridian 
in M the South Pole. 

Tenthly, The Meridian and Horizon being thus drawn, 
it is ealie to deſcribe the /EquinoGial, for if you conſider 
the poſition of that Circle in the Sphere it ſelf, you know 
that it always paſſes through the Eaſt and Welt points of 
the Horizon, and cutteth the Meridian at right angles, it 
being in all places go deg. diſtant from either of the Poles. 
Wherefore, if upon W, (the Pole of the Meridian) you 
lay a Ruler to P, the Pole of the World, it will cut the 
Plain in f, and if you ſet go deg from. f to g, and lay a 
Ruler from W to g, it will cut the Meridian in X, ſo have 
you three points,through which the Aquinoctial muſtpaſs, - 
namely E X and W, and:the Centre of the AquinoGial will 
always be in the Axis of the Waxld,extended it needrequire. 
To find which, you muſt, 

Eleventhly, Divide the Line W E into two equal parts in 
G, and from the point G,upon the line E W, erett' the per- 
pendicular G K, cutting the Axis of the World in K, fo 
ſhall K be the Centre of: the Aquinottial, wherefore, if 
upon K as a Centre, with the diſtance K W, you delcribe 
a Circle, that ſhall be the AquinoQtial, and (if your work 
be true) ſhall paſs through the pointsE A and W: Then 
for the dividing of the AquinoGhial, 


Twelfthly. 
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Twelfthly, Lay a Ruler to P the pole of the World, 
(which is alſo the pole of the AquinoQtal)to Z, theinter- 
icQtion of the Meridian and Xquinoctial,and it will cutthe . 
plain in the point 12 at which point you muſt begin todi- 
vide the Circle repreſenting your Reclining Iinin 
plain into 24 equal parts at the points © © © ec. This 
done, lay the Ruler to the point P, and every of the 24 e- 
qual parts © © ©, and you ſhall find it to cut the Xqui- 
noQial Circle in the points * ** * e>c. dividing that Cir- 
cle into 24 unequal parts, through which unequal parts, 
and the two poles of the World ÞP and M, muſt all the 
Hour-Circles paſs. For the deſcribing whereof you 
muſk, 

Thirteenthly, Divide the line P M into two equal parts 
in the point L, [ or, from the point D, the Centre of the 
Meridian, let fall a perpendicular upon the Axis of the 
World, which will fall in the ſame point L, J and through 
the point L, draw an infinite right line at right angles to 
P M, namely, the Line C T,for 1a thatline will the Centres 
of all the Hour-circles be found, and the manner how to 
find them, is thus (one way ) to be effected. 

Fourteenthly, Upon the point P as a Centre, at the di- 
ſtance PL, [or to any other Radius of a Line of pwnd 
deſcribe the Semicircle X L V, and divide it into 12 equa 
parts at the points *** * &c. beginning your diviſion at the 

int }, which is, where the Ruler being laid from P toD 
(the Centre of the Meridian) cuts this laſt drawn Circle. 
Then laying a Ruler from-P, upon each of theſe diviſions, 
you ſhall find it tocut theline C.Þ inthe points 15,3045, 
60, Oc. on either ſide of the-point D.' And here note,that 
15 is the Centre of the firſt hours diſtance from the Mer:- 
dian oneither fide thereof, 3o the Centre of the ſecond,and 
45 of the third hours diſtance from the Meridian, ec. 

Fifteenthly, If you place one foot of your Compaſſes up- 
on 15,and extend the other to Þ the Pole of the World,and 
with that diſtance deſcribe a Circle, that Circle fhall - 

the 
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the firſt hour from the Meridiar, and (if your work be 
true ſhall paſsthrough M the South Pole,and alfo through 
© ©, the two firſt unequal diviſions of the Aquinodtial Cir- 
cle, and ſo all the reſt. 

Laſtly, Tf from Q the Centre of your Plain, and the re- 
ſpeaive points where the Hour-circles cut the Plain, you 
draw ſtrait lines, thoſe ſhall be the true Hour-lines proper 
for ſuch a Declination and Reclination, as you formed your 
projection for. 


Now the Requiſites belonging to this, and the like Declining 
Reclining Plains, are, 


deg. min. 
I. The height of the Pole above (PA 54 43 
the Plain. 
2, The diſtance of the —_ 
and Horizon. Loaf 
3. The diſtance of the $ubſtile i {cnted? of BY 7” 
from the Meridian. by 
4. The Angle between the two APR 61 47 
Meridians. \ 


» 


a =, 


All which may be meaſured upon the projection, and ſo 

their quantities found. As, 

1. To find P A, Lay a Ruler from Þ to w, where the 
/EquinoGial and the plain do interſect, and the Ruler 
will cut the plain on the other (ide at x, ſo A x mea- 
ſured upon the Line of Chords, will be 54 d. 43 m. 
the height of the pole above the Plain, [or Þ Q mea- 
fured upon a line of half Tangents, will contain 35 d. 
17 min.) the Complement thereof. 

2, To find HT, the arch H F meafured upon the Line of 
Chords, will give 53 deg. 32: min. the diſtance of the 
Meridian from the Horizon, 

3- TofindT A,the Arch I A meaſured upon the _ 

ords, 


——— 
RD 
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Chords, will give 56 deg. 41 min. the diſtance of the 
Subſtile/from the Mccidian 

4. To find PQ, Lay a Ruler toP the Pole of the 
World, and Z the interſection of the Meridian and 
the Zquinottial, and it will cut theplain in6,the arch 
6 B, meaſured upon the Line of Chords, will be found 
to-contain 61 deg. 47 min. whichis the Angle bet ween 
the zwa Meridians. 

Thus have you in this Scheme delivered the true and ge- 
nuine way of delineating of Sun Dials deduced from the 
Sphere it (elf, by which the reaſon of all that hath been be- 
fore delivered, is rendred obvious, and ſufficiently demon- 
ſtrative for this place. But here you ſee that the Centres 
of the Meridians or Hour-circles F out to be very remote, 


and that therewill be required a large Tangent line for their 
deſcription,which will (for the moſt part )run out very far, 
and ſometimes, almoſt to an infinite excurſion. I therefore 
choſe rather to ſhew how the Hour-lines might be drawn 


- without having any regard to this Tangentline,or without 
projefting of the Hour-lines upon the Circular-plain, and 
therefore the ways before delivered arefar more apt forpra- 
ice than this, though this be more ſatisfactory to the in- 

uiſitive Reader, who will not be ſatisfied only with the 
doing, but of the underſtanding as well of what he does, 
and it is for the ſatisfation of ſuch, that I have here added 
this Propoſition. 


CHAP. XXVII. 
Concerning Inclining Plains, both Dire@ and Declining. 


(Y Reclining Plains there are but two ſorts,as hath been 
before inſtanced, and thoſe are either Dire# or De- 
clining. The Dire& are thoſe Reclining Plains which do 
direQly behold the Ezft, Weſt, North, or South pointsof the 

| Horizon, 
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Horizon. And the Decliners are thoſe which (beſides their 
Reclination from the Zenith) do reſpect two of the fore- 
mentioned Cardinal points, as, 

(1.) The Sonth and the "_ 
(2.) The North and the | ny 
(3.) The South and the Eaſt. 
Or, (4. The North and the Eaſe. 


Firſt * —_ 
The J Second, fortare North? declining Welt Reclin; 
©YThird (called YSouth OY 
Fourth NorthFdedining Eaſt 

I alſo before intimated, and gave Examples, that of di- 
ret Recliners, there were three ſorts, viz. 

1. Such as Reclining from the Zenith, do behold either 
the due Eaſt, or due Weſt points of the Horizon; and of 
this ſort there is only one kind,and no Variety in any caſe.---- 

2. South Recliners, of which there are three Varietics.---- 

And 3. North Recliners, of which alſo there are three 
Varieties. 

Again, of Reclining Declining, I told you there were fix 
Varieties alſo, as there wereof Dire& Recliners, viz. Three 
of South Declining Plains Reclining, and as many of North 
Reclining Declining Plains; of all which I have given Ex- 
amples, and it may be now expected that I ſhould do the 
like for the Inclining Plains oppoſite to them, of which 
there are alſo as many Varieties, but ſeeing that the makin 
of the Reclining Dial, whether Direct or Declining dot 
alſo make the Inclining Dial, whether Dire& or Declinin 
oppoſite thereunto, I thall ſave the labour, and — 
to the ingenious Reader ſome few Rules by which he ſhall 
eaſily frame the Inclining Dial out of the Recliner, And, 


Q I. Of 
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I. Of North and Sorth Incliners. 


I will take for Ex- A_Z Frum! Vn F 
ample a South — w \| 
Reclining 55 deg. WA | 
which i the Third "Xx | | 
Variety of South Re- | VV F] 
cliners, and I would bo 
from that deduce the SS YW 


Hour-lines proper for \ 
a North plain Inclin- | South \ Aeehning 
ing as much, viz. 55 \ 
deg. And it is eaſily Y 
effected. For, Snelins 
If you draw the | N 
Hour-lines of the 
South Recliner 6 A 
B6, and the Stile 
thereof alfo, quite 
through the Centre 
Q, to the oppofite | 
part ofthe Plain, 6 C W- \_\ b 
D 6, and fet the ſame © __+__3 71i>vio9 8 D 
numbers to the hours on the right hand in the Recli- 
ner, and the contrary, as the Figure clearly demonſtrates : 
And let the Axis in the North Incliner point downwards 
to the South Pole, as the Axis in the South Recliner doth 
upwards to the Noith Pole, and your Dial is finiſhed. Or 
you may effet this work by pricking off the Hour-lines 
through the Paper, and turning it upſide down, and that 
will etfect the fame thing, only changing of the names of 
the hours. _ Or again, if you turn the South Reclining 
Plain, 6 A B 6 about, upon the Centre Q, till the Line 
A B come to be in the place of CD, then will the Hours, 
Stile and all, be truly named and poſited ; and the very 
South Recliner wfll now become the North Incliner with- 
out any Alteration. 


Il Of 


I IT. Of Eezft and Weſt Incliners. 


There is little difference in drawing of the Eaſt or Weſt 
Inclining Dials from the Reclining Dials oppoſite to them, 
than there was of drawing of the North Incliner before, 
from the South Recliner: For, 

In the Example of the Eaſt and Weſt Reclining and In- 
clining Dial, before going Chapter 10. The Dial as it 
there ſtands, repreſents an Eaſt or Weſt Reclining Plain. 
Bur if yoururn the Dial about upon the CentreQ, till the 
letter N come to be in the place of the letter S, in that Fi- 
gure, then will the ſame Dial repreſent both an Eaſt and 
Welt Dial Inclining 35 dey. as now it doth an Eaſt or Weſt 
Reclining as much. The Subſtile, Stile, Meridian, and the 
relt of the Hour-lines retaining the ſame names or deno- 
minations, as now they do. 


ITI. Of North or South Declining Inclining Plains. 


Of North and South Reclining Declining Plains, there 
were Six Varieties, Examples of each have been largely gi- 
ven. There are as many of North and South Incliners, but 
ſeeing they may beſo eaſily deduced out of their oppoſite 
Recliners, I ſhall forbear giving examples, and the way is 
not much differing from the Rules before given for Dire& 
Reclining and Inclining Plains. For ſeeing the Reclinati- 
on is alike proper to each, and the Deflexion of the Sub- 
ſtile from the Meridian in the Declinations do fo direQly 
agree, they may both be reduced to one and the ſame Dial 
as the other were. 

Thus, If any Reclining Dial be ſo inverted, thatthe up- 
per part thereof, become the nether, and after this inverſion 
the right ſide of the Recliner, becomethe left ſide of the In- 
cliner,and the contrary, the Inclining Dial having the ſame 
declination,ſhall be framed out of the Recliner,and the con- 
trary. Only the denominationsof the Hours mult be chang- 
ed. For the Forenoon hours in the Recliner, will be the 
Afternoon hours in the Incliner, and the Afternoon hours 
of the upper Dial, the Forenoon hours of the nether. 


Q 2 CHAP. 


Geometrical Dialling. Ing 


_—_ 


= == — "A CE” EE" Ea” Cited A a als IE. 
_ ——— —— _ mo _— _—— _ 7 S 


— _———_— 


_ Zane” EY 


= "M7 
> O———— ——— 


Geometrical Dialling. 


CH AP. XXVIIL 


A General Rule to know which Pole, whether the North or the 
South 7s to be elevated over any Plain. 


He Stile of every Dial reſpetteth (or rather lieth pa- 

rallel with)the Axis of the World,and always point- 

eth upwards or downwards, to one of the Poles. Now 

when you have drawn your Dial (though truly) you may 

be to ſeek, whether it it be the North or the South Pole 

that muſt be elevated; wherefore to avoid any miſtake, 

and toinform you which Pole is to be elevated. Obſerve 
this General Rule. 


Upon all Upright Plains, cSouth South 
whether direct or de'3 eſe the ePole 
' clining, upon the North North) * 


Upon all Eaſt =; ſNorth) 


i the \ Pole. 
and Welt hetess | | South 3 


{North Recliners) whether ] North} 
LIpon all: > Direct or > 7 Pole, 
| South Incliners _ Declining | South } 


South Re- ywhe- Free Zenith 4 eoouth 
-\cliners ber Apin = 
—_—_— Pole, 


or de- 
cliners ing the Horizon the South 


North In-\, clin- 
This Rule being duly obſerved, there will be nodifficulty 
to find which Pole is elevated. 


North >Pole. 


A Second 
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Second Way 
DIAL LING, 


GEOMETRICALLY Performed. 


— — 


PART 11 


= O— 
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N the foregoing Firſt Part, you have a moſt abſolute 
and perfect way of delineating of Sur-Dials upon all 
ſorts of Plain Superficies in what poſition ſoever lituate, 
and in any Latitude, whether the Plains be Dire, or do 
Decline, or whether they both Decline or Recline : And al- 
ſo you may there find, not only the manner how to make 
Dials, but to know the Grounds and Reaſon of Dials, de» 
duced from the Sphere or Globe projefted 7n plano, upon the 
Dial-Plains Superficies. 

But notwithſtanding the Exattneſs and Rationality 
of delineating of Hour-lines upon all Plains, and in 
all Places, as is before taught; yet the ways there 
delivered, may (in ſome caſes, at ſome - times) be found 
inconvenient to put in prattice: As (1, When the Cen- 
tres of ſome of the Circles fall out to be very remote. 
(2) When 
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(2) When the unequal Diviſions of the AEquino@jal Cir- 


cle come very near or cloſe together, which they will al- 
ways do, when the Pole hath but ſmall Elevation above 
the Plain, and ſuch like. For the removal of which In- 
conveniencies, I ſhall in this Second Part add another Geo- 
metrical Way of Dialling, which ſhall be both Plain,Eafie,Ex- 
at,and of Quick diſpatch 3 and all of it performed by ſtrait 
Lines, and not by Circular Lines, as the former way re- 
quires. And moreover, this Second Way hath a Conveni- 
ence, which moſt other Geometrical ways of Dialling are 
culpable of, namely, to out-run the Limits of the Plain, 
by almoſt infinite Excurſions : For in this way, having 
firſt made a Preparatire Scheme upon Paper (or Paſtboard 
rather) yon ſhall have very few Lines to draw upon the Di- 
al-plain but the Hour-lines theruſelves. 

In this Second Way, I ſhall be brief , beginning firſt to 
ſhew how to deſcribe the Hour-lines upon QOpright Decl;- 
ning Plains; referring the delineation of Hours upon the 
Horizontal full North, Somth, Eaſt and Weſt Plains (whether 
Upright or Reclining)till afterwards: And the Reaſdn for 
my ſo doing, will of it ſelf appear, when I ſhall come to 
treat of them. Wherefore to proceed, 


. 
Y 


Section I. 
How to draw Honr-lines upon an Opright South Plain Decli- 


ring from the South towards the Weſt 20 deg. in the Lati- 
tude of London 51 deg. 32 min. 


Fs the Latitude of the Place, and the Declination 
of your Plain given, before you come to draw the 
Hour-lines upon the Plain, you muſt firſt draw your Pre- 
perative Scheme, as followeth. 


I. How 


IT. How to draw e Preparative Scheme ſuitable to any 
Declination in any Latitude. 


Firſt, With 60 deg. or the Radius of your Scale of 
Chords, deſcribe the Quadrant of a Circle A B D, exten- 
ding the (ide B A to C, ſa that A C be equal to A B: And 
then draw the right line D C. 

Secondly, On the point B, ere&t the perpendicular 


me. 
Thirdly, Take 51 deg. 3o min. = Latitude) out of 


your Scale of Chords, and ſet them from B to F, and from: 


D to G, and laying a Ruler from A, to F and G, draw the 
two Lines F K, and GI. 

Fourthly, From the point G, draw the Line GH, paral- 
lel to D A, or perpendicular to B A. 

Fifthly, Take 20 deg. (the Plains Declination) out of 
your Scale of Chords, and ſet them from'D to E, and 
through the point E, draw the LineE L, parallel to- 
D A 


Sixthly, With 60 deg. (ar the Radius of your Scale of 
Chords) taken in your Compaſles,ſct one foot in the point 
D, and with the other deſcribe the Arch A O, which di- 
vide into three equal parts, in the points P and Q , forthe 
whole hours, each of which three Hour-fpaces AP, PQ, 
and QO, divide into four equal parts at ***, ***, **®, 
for halts and quarters of hours. Which done, if youlay a 
Ruler to the point D, and the points Þ and Q,;, the Ru- 
ler will cut the Line A Cin thepoints 2 10, and 1 11,and 
by thele points the Line A C is divided into four unequal 
parts in the points 39,2 Io, I 11and 12, repreſenting three 
hours. And if from D,you lay a Ruleroverthe ſeveral points 
.*** he. they ſhall divide the ſeveral ſpaces in the Hour- 
line AC into four unequal parts for halts and Quarters of 
Hours, And thus is your Preparative Scheme fo far finiſhed, 
Wherefore now let us proceed, —_ 

. To 
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I. To draw the Meridian, Stile, Subſtile, and Hour-lines 
| upon the Plain it ſelf. 


Firſt, Upon your Dial-plain, draw a Right Line asST, 
for the Meridian, and Hour-line of 12. Upon which, aſ- 
ſign any convenient point, as R, for the Centre of your 
Dial; through which point R, draw the Line R W, per- 
pendicular toS T. 

Secondly, . Out of your Preparative Scheme take the Line 
BK, and (ct it upon your Dial-plain, from R to T; alſo, 
from the Preparative Scheme, take B I, and ſet it on your 
Dial-plain from R to W, on the right hand, becauſe the 
Plain declineth Weſt, and from T to V, make the Re&- 
angled Parallelogram R W T V on the Eaſt fide. 

Thirdly, Out of the Preparative Scheme, take the Line 
L A, and ſet it upon the Dial-plain from T to X, and from 
W to ©, and draw the Lines RX for the Subſtilar Line, 
and R © for the Hour-line of Six, which draw quite 
through the Centre R. 

Fourthly, Out of your Preparative Scheme, take the Line 
E L, and (et it upon your Dial-plain from R to 12, and 
from X to Y, perpendicular to R X, and draw the Line 
R Y for the Axis (or Stile of your Dial.) 

Fifihly, Out of your Preparative Scheme, take the line 
G H, and ſet it on your Dial-plain from R to Z, anddraw 
the line Z 6, parallel toW Y, till it cut the Hour-line of 
SIX 1N 6. 

Sixthly, Make R 6 above the Centre, equal to R 6 be- 
low the Centre, and draw the two Lines 12 6, and 12 6. 

Seventhly, Out of your Dial-plain, take the length of 
the Lines 12 6, and 12 6, and ſet them upon the Prepa- 
rative Scheme from B to b, and fromBto a. And laying 
a Ruler from C to a, draw the Lines M C, and N C. 

Laſily, From the point A or 3, 9, take the neareſt diſtance 
to the Line N C,and ſet that diſtanceupon your Djal-plain 


from 
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from 12 to9, or from G6 to 9, for it will (if you work 
truly) divide the Line 6, 12 into two equal parts in g. Al- 
ſo ſet one foot of the Compaſlles in the point 2, 10 in the 
Line A C of the Preparative Scheme, with the other take 
the neareſt diſtance to the Line N C, and (et that diſt ance 
upon your Dial-plain, from 12 to 8,and from 6 to 10. ----- 
Again,ſctting one foot of the Compaſles in the point x, 11, 
in the Line A C of the Preparative Scheme, with the other, 
take the neareſt diſtance to the Line N C, and ſet that di- 
ſtance from 12 to 11, and from 6 to 7. So is the longer 
Line 6, 12 on your Dial-plain, divided into Six unequal 
parts in the poiuts 7, 8, 9, 1o and 11; through which 
points, Lines drawn from the Centre R, ſhall be the true 
Fore-noon Hours. 

For the Afternoon hours,the ſhorter Line 12, 6. on your 
Dial-plain, muſt be divided from the Line A C 1n the Pre- 
parative Scheme, as the longer Line 12, 6 was before divi- 
ded ; by taking the leaſt diſtance from A or 9, 3 to the line 
M C, and ſetting it from 12 to 3, or from 6 to3. Al- 
ſo the leaſt diſtance from 2, 10, to M C, in the Preparative 
Scheme, will reach from 12 to 2,and from 6 to 4.---- Like- 
wiſe the leaſt diſtance taken from 1, 11, to the Line M C, 
in the Preparative Scheme, will reach from 12 to 1, and 
from 6 to 5. So is the ſhorter Line 12 6, on the Dial- 
Plain, divided into f1x unequal parts in the Points 1, 2, 
3, 4, 5- Through which points, and the Centre R, right 
Lines being drawn,they ſhall be the true Afternoon Hour- 
lines upon the Plain. And fo is your Dial finiſhed. 

If you would inſert the Halfs and the g_ of Hours 
into your Plain. you may eafily do it, if from the Prepa- 
rative Scheme you take the neareſt diſtance from the Half 
and Quarter points in the Line A C, and transfer them 
to the Lines 12, 6, and 12, 6, in the Dial-Plain. 


R Sea. 
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SeQion. I I. 


How to deſeribe Hour-lines upon the Horizontal Full South, 
North, Eaſt and Weſt Ere@ or Reclining Plains. 


N theſe kind of Plains, which dire&tly behold the Four 
Cardinal North, South, Eaſt and Weſt points, the La- 
titude of the place, and Reclination of the Plain being 
known, there is nothing required, but to know the Ele- 
vation, or height of the Pole above the Plain, which, how to 
find, is ſufficiently taught in the Fourth and Fifth Sefions 
of the Fourth Part of this Book-: And therefore I ſhall not 
here repeat the ſame again, but refer you to thoſe fore- 
mentioned Fourth and Fifth Se&ions of the Fourth Part 
hereof. Wherefore, to draw Hours upon any of theſe E- 
reg, DireF, or Dire# Reclining Plains, when the height 
of the Pole or Stile above the Plain is found, you have no 
more todo; but, 

Firſt, Draw a right line A B for the Hour-line of Six, 
and another at right Angles thereto, for the Hour-line of 
12, as the Line © X. 

Secondly, With the Radius of your Line of Chords 60d. 
upon © asa Centre, deſcribe the Semicircle AX B. And 
the height of the Pole above the Plain being known, (as 
for an Horizontal Dial for London, where the Pole is ele- 
vated 51 deg. 30min.) Take 51 deg. 3o min. from your 
Chord, and tet them upon the Semicircle from X'to F, and 
from X to I, and through the points F and I, draw the 
Lines6 F and 6T, parallel to © X, and draw the Lines 
X 6 and X 6 on either fide of the Meridian. 

Thirdly, (Having recourſe to your former Proparative 
Scheme) take in your Compaſles the length of the Line X 6, 
and ſet it upon the Preparative Scheme from B to c. and 
laying a Ruler from A to c, draw the pricked Line C A. 

Fourthly, 
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Fourthly,ln the Preparative Scheme from the point A org, z, 
take the neareſt diſtance to the pricked Line A C, and fer 
it upon the Lines X 6, and X 6, from X to 3, and from 
X to 9. Alſo from the point 2, 10, in the Line A C 
of the Preparative Scheme, take the neareſt diſtance to the 
pricked Line AD, and that diſtance fet upon the Lines 
X 6, and X 6, from X to 10 and 2, and froms6 to 8, and 
from 6 to 4. — Likewiſe, take the neareſt diſtance from 
the point 1, 11, in the Line A C ofthe Preparative Scheme, 
to the pricked line A C,which diſtance will reach from X 
to11, and fromX to x, and alſo from 6 to 5, and from 
6 to 7. Soare the two Lines X 6 and X 6 divided each 
of them into fix unequal parts, the one 1n the points 1, 2, 
3, 4, and 5, and the other in the points 11, 10, 9, 8and7. 
Through which points, right Lines drawn from the Cen- 
tre ©, they ſhall be the true Hour-lines proper for an Ho- 
rizontal Dial, for the Latitude of London 51 deg. 32 min. 

For the Stile of this Dial, a Line drawn from the Cen- 

tre ©, through either of the points F and I, ſhall re- 
preſent the Axis of the World, or Stile of the Dial. 


For a Vertical or Ere® South Dial ſor the ſame Lati- 
tude 51 deg. 32 min. 


The height of the Pole above a South Plain in the La- 
titude of 51 deg. 32 min. is 38 deg, 28 min. the Comple- 
ment of the Latitude. Wherefore, 

Firſt, Take 38 deg. 28 min. from your Scale of Chords, 
and ſet them from X to G, and from X to H, and draw 
the Lines X M and X D, parallel to © X. 

Secondly, Take the length of the Line X M and X D, 
and apply it to your Preparative Scheme, ſetting it from B 
to d, and laying a Ruler from C to d, draw another prick- 
ed Line C AX. 

Thirdly, The neareſt diſtances taken from the points A, 
2, 10,and I, 11, in the —_ A Cof the Preparative Scheme, 

2 will 
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will (being transferred from thence to the Djal-plain) di- 
vide the Lines X M and X D, each of them into (ix une- 
qual parts, through which diviſions, and the Centre ©, 
Lines being drawn, they {hall be the true Hour-lines of an 
Ered South Dial in the Latitude of London. 
A Line drawn from © (the Centre of the Dial through 
the points H or G, thall repreſent the Axis of the 
World, and be the Stile of this Dial. 


For a Dire North Reclining Plain. 


Let our Example be of a Dire# North Plain Reclining 
from the Zenith 25 deg. and ſuch a Dial is deſcribed in 
the 17th. Chapter of the Firſt Part, and the height of the 
Pole or Stile above the Plain, was there found to be 63 d. 
28 min. And (o it will be found to be by the Rule deliver- 
ed in the Fifth Sefion of the Fonrib Part of this 
Book. 

Firſt, The height of the Stile being found to be 63 d, 
28 min. take 63 deg. 28 min. from the Scale of Chords, 
and ſet them from X to E, and from X to K, and draw the 
Lines E C, anp R D, parallel to the Meridian © X. Allo, 
draw the Lines X Cand X D. 

Secondly, Take the length of the Line X C or X D, and 
ſet it upon the Preparative Scheme from B toe, and draw 
a third prickcd Line as e C. 

Thirdly, The neareſt diſtances taken from the points A, 
2, Io, and 1, 11, in the Line A C, ſhall rs. ſet upon 
the Lines X C and X D) divide them each into Six une- 
qual parts z through which, and the Centre ©, right lines 
being drawn, they ſhall be the true Hour-lines of a North 
Dire# Plain Reclining 25 deg. the Latitude of Lox- 
don. 

The Stile muſt be drawn from the Centre ©, through 
the point E or K. 


For 


Geometrical Dialling. 125 


For Dire Eaſt or Weſt Plains, whether Ere or Re- 


clining. 


For EreF Dire@ Plains, where the Hour-lines are paral- 
Ic] one to another, the Stile or Pole having no Elevation, 
the beſt way to make them, is, as is dire&ed in the S:zxth 
Chapter of the Firſt Part. And therefore in this place, 
nothing more necd be ſaid concerning them. Burt, 


Fo Eaft and Weſt Recliners. 


The beſt way to deal with theſe kind of Plains, is to 
refer them to a »ew Latitude, and to a new Delineation in 
that zew Latitude, both which are ealily attained by this 


following GENERAL RULE. 


1. The New Latitude, is always the Complement of the 
Old Latitude. | 

2, The New Declination in that New Latitude is the Cont« 
plement of the Reclination. 


So that if a Dirc& Eaſt Plain, in the Latitude of Lon- 
don 51 deg. 32 min. (hould Recline 40 deg. and you would 
find the New Latitude and New Dzclination; 

Firſt, The Complement of the Old Latitude 51 deg. 
32 min. 1s 32 deg. 28 min. And that muſt be tne New 
Latitude. 

Secondly, The Reclination being 40 deg. The Comple- 
ment thereof is 5o deg. And that is the New Declinati- 
on. 

So that if (by the directions of the Firſt Sefton hereof ) 
you make an Ere&# Dial to decline 50 deg. in the Latitude 
of 38 deg. 28 min. that Dial ſhall ſerve for an Eaſt or Weſt 
Dial, Reclining 40 d. in the Latitude of 51 d. 32 m. 

Thirdly, Although this Declining Plain be truly made, 
yet. 
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yet the placing of it upon the Djal-Plair, differeth from 
Ere& Plains : For, in all Ere& Declining Plains, the Hour- 
line of 12 is always perpendicular to the Horizontal Line 
of the Plain. So1n all Eaſt and Weſt Reclining Plains, the 
Hour-line of 12 muſt lie parallel to the Horizontal Linc of 
the Plain. As,you may fſece in the Figure Chap. 10,0f Part 
the Firſt. 

It may here be expetted,that I ſhould ſay ſomething con- 
cerning Declining Reclining Plains, which this Geomretrical 
way will very well perform, by referring them to a New 
Latitude, and a New Declination, wheie they will become 
Ere& Declining Plains; but for that the performance there- 
of, this way, would require many Schemes, and that there 
are Three ways in this Book, already taught, how to effe&t 
the ſame by other means, I thought good to omit them in 
this place 3 and to give Examples in Ered Dire@, in Dire 


Reclining, and in Ere& Declining Plains, (as being of all 
others the moſt uſeful. ) And fo I ſhall conclude this Se- 
cond Geometrical Way of Dialling. 


— 5 —- P 
Jos” 


——_— 
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(127) 
The ART of 


DIA LLING, 


INSTRUMENTALLY® 
PERFORMED: 


By a Plain, Cheap, and Portable Inſtrument, accommo- 
dated with Lines neceſlary for that purpoſe. 


PART. IIL 


———_— — _” 


CHAP.L 
A Deſcription of the Inſirument. 


HE Inſtrument may moſt conveniently be made up- 

on a thin Plate of Brafs (the thinner the better.) 
Let it be made in theform of a Right-angled Triangle, one 
of the lides containing the right _ being in the Figure 
marked with A B, let it be divided as a Line of Natural 
Sines, and the other ſide noted with A C, let be divided 
as a line of Natural Tangents, of ſuch a length that it may 
contain 75 degrees at the leaſt of the ſame Radius withthe 


Line of Sines. Let both the Sines and Tangents be num- 


bered from A, by 16, 20, 30, &c. according to the uſual 
manner, - the Sjnes to 90 deg. and the Tangents to 75 or 
upwards -— The diviſions of both theſe lines muſt be 
graduated 


128 Geometrical Dialling. 


graduated cloſe to the outer edges of the Braſs as Protra- 
Ctors are uſually divided, and the Metal not exceeding that 
thickneſs. Oa the third edge B C, is graduated a line 
of double Tangents of any Radius, ſuch as the line is ca- 
pable to receive 45 deg. on either {ide from the middle 
thereof, from D to E 45 deg. and from D to F as many ; 
which Tangents are to be numbred not into degrees of a 
Circle, but into degrees of Time, allowing 15 deg. to 1 
hour, 3o for 2 hours, and 45 for 3 hours, and theother in- 
rermediate parts for Halfs and Quarters, and in larger In- 
{truments mto ſmaller parts This [ call the Scale of 
hours, and muſt be numbred as in the Figure XlI,ſtanding 
at one end, and VI at the other end thereof, IX and [III in 
the middle, and the reſt in order, as in the Figure 

it were-not amis, if the Tangent line A C were marked at 
the degrees of Time, as well as into degrees of the Circle, 
which will be uſeful in the deſcription of Eaſt, Welt, and 
Xquinottial Dials both direct and declining. 

In ſome convenient place of the Plate you may have one, 
two or three Lines of Chords to ſeveral Radius's, which 
will perform the work of the Firſt Part of this Book, and 
will alſo be ſerviceable in this. 

Alſo it would be neceſlary that the other ſide of the Plate 
were graduated for the Lines of Sines and Tangents, in all 
reſpetts, as the fore-fide: But for the line of hours it were 
not amiſs to havetwo or three of them of ſeveral lengths, 
asm praQtice you may find occaſion for, though one will do 
all. And this may eaſily and commodiouſly be done if the 
middleof the Plate becut out,and then on all the inner edges 
of the Plate, you may have ſeveral Lines of hours, and be- 
tween them Chords alſo. A Quadrant alſo may be proje- 
ted ypon this Inſtrument, and then it will be ſerviceable 
to takea declination of a Plain; for by it you may find the 
Azimuth. The Inſtrument thus fitted will be very portable, 
and very exattand eaſicin practice. For theſe laſt mention- 
cd parts, I leave them to the diſcretion of the Artificer, or 

| the 
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the will of the Owner, the firſt three lines being ſufficient 
to perform all the following works. This Inſtrument thus 
made, I call (in reſpeCt of the Figure of it) an Horologieal 
Trigon. The uſes whereof are exhibited 1n the following 
Chapters. 


ts —_——_— 


CHAP. II. 


How to draw the Hour-lines upon all ſorts of Dire&® Plainsby 
help of the Horological Trigon. 


[als may be delineated upon allſorts of Plain _ 
cies, by help of this TRIGONAL INSTRUMENT. 
And that I may retain herein the like Method as I have ob- 
ſerved in the Three foregoing Treatiſes, I (hall begin with 
the Dire# Plains firſt, and from them proceed to the Ob- 
lique. And in my proſecution hereof, I ſhall more lightly 
paſs over ſuch things as I have in the firſt Part more par- 
ticularly handled, ſo by this means the ſubſequent Treatiſe 
will be the more brief, and the leſs cumbred with Precepts : 
And I ſhall begin with ſuch Plains as are Dire#, whether 
Ere& or Reclining. 


Section I. 


How to draw the Hour-lines upon a Vertical or Horizontal 


Plain, as alſo upon any dire North or South Plainix any 
Latitude, whether Ere& or Reclining, 


Here is no difference in the conſtruction of theſe ſe- + 

veral ſorts of Dials, the height of the Pole or Stile 

above the Plain being firſt attained, which how to effec, 
is at large taught CINY in the Firlt and yt 
art, 
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Part, Chap. 3. and in the Fourth Part, Sect. 1. and there. 
fore im this place will be needleſs to recite. Wherefore kt 
us take one Example for all, is. 


To draw the Hour-lines on a Vertical or Horizontal Plain, 
in the Latitude 51 deg. 32 min. 


Firſt, Upon your Plain(or upon a Sheet of Paper)draw 

a _ line A B for the Meridian (or hour-line of 12,) and 

g any point therein (as A) for the Centre of your 
Dial, through it draw the hne C A D at right Angles for 
the Hour-line of 6. 

Secondly, Lay the Centre of your Trigon, to the Centre 
of your Dial, fo that the Tangent-line thereof may lie 
= the Line of 12, and the Line of Sines upon the Line 
of S1x. 


————— ——. ——_— — 


Thirdly, With a Needle (or protraſting Pin) __ 
x 
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Mark upon the Meridian Line, againſt (the Radius or) 
45 deg. as the point E. And upon the line of 6 make ano- 
ther mark, againſt the Sine of your Stiles height(in this Ex- 
ample againſt 5x deg. 32 min. )as at F,and draw thelineE F. 
Do the like on the other (ide of the Meridian line, by ma- 
king AG equal to AF, and draw the LineE G. 

Fourthly, Divide the lines E F and E G(each of them )in- 
to two equal parts,inthe points 9 and 3,andfrom the Centre 
of your Dial through theſe points 9 and 3,draw two right 
lines, which (hall be the Hour-lines of g and 3 oftheClock. 

Fifthly, For the drawing of the reſt of the hours, la, 
the Line of Hours upon your Trigon to your Phlain,in ſuch 
manner, that the point or end thereof noted with 6, anq 
the other end or point thereof noted with 12, may juſtly 
touch the Hour-lines of 12 and 6 upon your Dial-plajn, 
and move the Line of hours between the two Hour-lines 
of 12 and 6 backwards or forwards (as occafion ſhall re- 
quire) till the middle of the Line of Hours, noted with the 
hours 9 and 3, reſt juſt upon the Hour-line of 9 or 3 upon 
your Plain---- Your Line of Hours lying in this poſition 
with your protracting Pin (or Needle) make marks upon 
your Plain, againſt every Hour, half and Quarter, as the 
points *** gc. ------- And from the Centre of your Dial, 
Come theſe reſpeQtve points)draw right Lines and they 

all be the true Hour-lines proper to your Plain. 

Do the like on the other fide of the Meridian for the 
Afternoon hours, and your Hour-lines are all drawn,except 
thoſe before 6 in the morning, and after 6at night, which 
mult be drawn through the Centrs, according to the dire- 
Qion given in Part I. Chap. 3. 

It may ſeem at firſt ſomething difficult to enter the line 
of Hours upon your Trigon, between the Hour-lines of 
12 and 6, and fo as the point 9 or 3 may reſt upon 
the Hour-line of 9g or 3 alſo; but know there isno difti- 
culty at all, but wonderful cafie, and fo expeditious, 
that the Trigon is prepared to prick down all the 

S 2 Hours, 
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Hours, halfs and quarters, as ſoon as you could with 
your Compaſles, take one of them out of a Scale, 
and will give you the hour points upon the Plain 
mere exact than you can ſet them well off with the 
Compatles ---- And farther Note, that your Trigon ly- 
ing in this poſition, the Line of hours on your Tri- 
gon, will always he parallel tothe lines E F, and E G, 
if there be no former errour. 

Laſtly, For the height of the Stile above the Plain (it is 
in this Example, equal to the Latitude of the place 51 deg. 
32 min.) this you may ſet off by a Line of Chords (as hath 
been often ſhewed before) but by the Trigon thus ---- Lay 
the Centre of your Trigox upon the point E,the line of Sines 
lying upon the Meridian (or 12 a Clock) line, then againſt 
the Tangent of 51 deg. 32 min. make a mark as H, and 
draw the line A H for the Stile, ſo is your Dial finiſhed. 

And according to this precept may the Hour-lines upon 
all Northand South DireF Plains bedrawn, without any far- 
ther trouble,and ſo for ſuch plains,let this one precept ſuffice. 


Section I I. 


How to draw the Honr-lines upon the Dire@ Ea(t Welt apright 
and Xquinottial Reclining Plains, by help of the Trigon. 


Ur Example ſhall be of an Eaſt Ere& Direct Plain in 
the Latitude of 51 deg. 32 min. Wherefore, 

Firſt, Draw (by the directions in Part I. Chapter 6, 
a Right-Line A B for the AquinoCtial, and in any 
point thereof, as at C, draw a right line D CE (at right An- 
glesthereunto) for the Hour-line of 6. 

Secondly, Aſſign any point of the Hour-line of 6, (pro- 
portional to the bigneſsof your Plain)as F for the height of 
yaur perpendicular Stile or Gnomon; ” 

Thirdly, 
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Thirdly, Lay the Trigon to your Plain, fo that the Line 
of Sines may lie juſt upon the Hour-line of 6, and the end 
thereof at go deg. upon the point F ----- The Trigon lying 
in this poſition, with your Needle or protrafting Pin,make 
marks upon your Plain, by the fide of the Tangent line up- 
on your Trigon, at every hour, halt and quarter, at the 
marks *** exc. (tor the Tangent line upon the rigor, is 
divided into hours and parts of time,as well as into degrees 


and minutes. ) 


SEE & 9 


ET CE Tr 


F Yi o 


D 


| 
_ 


HH 4 4 & any. 


Io 


Fourthly, Lay a Ruler to F,and every one of theſe hours, 
halfs and quarters,and where the Ruler crofleth the Zqui- 
noctial Line of the Plain A B, as at thepoints © © ©, &c. 
through thoſe points draw right lines parallel to the Hour- 
line of 6, and they ſhall be the true Hours proper for your 


Plain. 


For the hours before 6 inthe morning on the Eaſt Dial, 
and after 6 at night on the Weſt Dial, the ſame diſtances fet 
backwards upon the /Equinottial-hne, will give you thoſe 


points as is directed in Part I, Chap. 6. 


Note, 
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Note, If you make your Dial anſwerable to the bigneſs 
of your Trigon, much of the labour in making of this 
Dial will be ſaved : For, when you have drawn AB 
the Aquinottial, and crofled it at right Angles, with 
the Line C DE for the Hour-line of 6 Lay the 
Centre of the Trigon upon the point D, and the Tan- 
gent line of the Trigon 1pon the AquinoGtal Line of 
the Plain, and ſo making marks at every hour, half, 
and quarter,lines drawn through thoſe points parallel 
tothe Hour-line of 6,ſhall be the true hours proper for 
the Plain---- And here note alſo, that the Line A B 
firſt drawn, muſt make an Angle with the Horizontal 

; Plain, equal to the Complement of the Latitude of 
; the place, for which the Dial 1s made. 

What 1s ſaid of the Eaſt Plain, the ſame is to be under- 
ſlood of the Welt, as in Part I. Chap 6. and the ſame of 
the Xquinoctial Plain alſo, only the 6 a Clock Hour-line 
m thefe Plains, is the 12 a Clock Hour-line in thoſe, as in 
Part I. Chap. 12 is ſufficiently explained. 


— —_— _ — — _—_— ——— — — 


CHAP. III. 


How to draw Hour-lines upon any Ered Plain, Declining Eaſt 
or Weſt, by help of the Horological Trigon. 


E io are the Dials, which (of all others) are moſt in 
uſe, and therefore will require the more care in the 
practice of the making of them; and that I may remove all 
difhcultics that may ariſe in the making of them at any time, 
I ſhall bethe more large in this particular,for (indeed) up- 
on the making of theſe Dials in all Latitudes, doth depend 
the making of all other Oblique Dials, whether Reclining 
or Inchning, as hereafter ſha}l be taught. 


SECT. 
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Section I 


How to deſcribe the Hour-lines upon an Eret or Upright Plain, 
Declining from the South Eaſtward 30 deg. in the Lati- 
titude of 51 deg. 3o min. 


oft Draw a perpendicular or down-right line A 12 B, 
" r the Meridian and Hour-line of 12,and making choice 
of ſome convenient point therein, as A, for the Centre of 
your Dial, draw through that point an Horizontal Line 


MAN 


"I 


_ 


4 / \ 
a RY Rr Se _— x —T-= 


; ——_— 

Secondly, Apply the Centre of the Th on, to the Cen- 
tre of the Dial at A, ſo that the Line of Sinca may lie up- 
on the Line M A, and the Line of Tangents upon the line 
AB: And againſt the Tangent of the Latitude of the place 
$1 deg. 32 min. make a mark at B, and alſo at the Co-Sine 


of 
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of the Latitude 51 deg. 32 min. make another mark at H, 

Thirdly, Remove the Trigor, laying the Centre thereof 
to B, and the Line of Tangents upon B A, and againſt the 
Sine of the Declination 3o deg. make a mark, as E, and 
draw the Line AE for the Subſtilar line of the Dial, 

Fourthly, Upon the point E, erect a perpendicular, and 
laying the Centre of the Trigo upon E, and the Li: | 
Sines upon the perpendicular, make a mark againſt the Co- 
Sine of the PlainsDeclination 60 deg. as at F,and diy the 
Line A F for the Stile. 

Fiſihly, Laying the Centre of the Trigon to 5, and the 
line of Sines upon AB, make a mark again(t the Co-Tangent 
of the Latitud: of the place 33 deg. 28 min. as at D, and 
through the point D draw the line D Cparallcl to AB. 

Sixthly, Take in your Compaſles the diſtance B E, and 
{et it upon the line C D fromC to G, and draw the Line 
A G forthe Hour-line of 6, quite through the Centre, asthe 
line6A6. | 

Sezentbly, Through the point H, draw the lineH R, pa- 
rallel to AB, cutting the Hour-lineof 6 1n the point 6, and 
make A 6 above the Centre,equal to A 6 below the Centre, 
and theline A 12, equal to E F,drawing thelines 12, 6, and 
12, 6, which divide into two equal parts in the points 
9 and 3,and draw the lines A 9 and A 3,for the Hour-lines 
of Nine and Three. 

Eighthly, Apply the Line of Hours upon your Trigon,be- 
tween the Hour-lines of 6 and 12, fo that 9 and 3 may reſt 
upon 9 and 3 as hath been before preſcribed, and make 
marks at the feveral hours, as the points *** gc. through 
which points, and the Centre A, draw the hours, and ſo the 
halfs and quarters, if you pleaſe, 

For the line of 5 in the morniog, it is drawn by extend- 
Ing the Hour-line of 5 at night through the Centre. Andin 
the making of this Dial, you have made four Dials as isde- 
clared, and largly infiſted-upon, Part I. Chap. 8, and there- 
fore no more need be faid of it in this place. —_ 

cle 
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Theſe Precepts here delivered,are ſufficient for the mak- 
- ing of Upright Declining Dials in any Latitude, but 
moſt conveniently in theſe middle Latitudes,under the 
temperate Zones;in the Torrid and Frigid Zones there 
may fall out ſome Inconveniencies, for when the Lati- 
tude is either very great or very ſmall,ſuch as thelines 
on the 1Trigox are not capable to receive, there are 
other means to remedy thoſe Inconveniencies, which 
ſhall be cleared by the two following Propoſitions,one 
whereof, ſhall ſhew how to effe& the work of this 
Chapter, when the Latitude is very ſmall, the other 
when 1t 15 very great. 


Section I I. 


PROP. 


To draw an Upright Declining Dial in ſucha Latitude, where 
the Pole hath but ſmall Elevation. 


Let the Example be of an Upright South Plain Declining 
Eaſtward 3o deg. in the Latitude of 10 deg. 


Irſt, Draw a line A B 12, for the Meridian and Hour- 
n ine of 12, and make choice of a point therein for a 
Centre, as A, through which draw a line perpendicular 
thereto for the Horizontal line of the Plain, as the Line 
GCA. 

Secondly, Lay the Centre of the Trigon to the Centre of 
the Dial, and the Tangent-line thereof upon the Line 
A B 12. Andagainſt go deg. or the Radius ofthe line of Sines, 
make a mark as C, and alſo againſt 8o deg. thereof, which 
is the Complement of the Latitude of the place, as at H. 
Likewiſe againſt the Tangent - the Latitude 10 deg. make a 


mark, 
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mark, as at B,and draw the Lines BD parallel to to the Ho- 
1izontal line G C A, and the line CD parallel to the Meri- 
dian Line A B, 

Thirdly, Lay the Centre of the 1rigon upon B, and the 
Line of Sines upon B D, and make a mark againſt the Sine 
of the Plains Declination 3o deg. as E, and draw the Line 
A E for the Subſtilar Line of the Dial ; then take the di- 
ſtance B E, and ſet it upon the Horizontal line of the Plain 
from C to G, and draw the line E G, cutting the line 
CD in K, ſo ſhall A K bethe Hour-line of 6. 


Fourthly, Upon the point E, erect the perpendicular E F 
and laying the Centre of the Trigon upon E, and the Line 
of Sines upon E F, make a mark againſt the Sine of the 
Complement of the Plains declination 60 deg. at the point 
F, and draw the Line AF for the Stile. 

Fifthly, Through the point H, draw the line HM, paral- 
le] to the line A B,cutting the Hour-line of 6 inthe point 6. 
then taking the diſtance EF in your Compaſſes, make the 
line A 12 equal thereto, and the line A 6 abovethe Centre 
equal to A 6 below the Centre, and draw the lines 6, 12. 

and 
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and 6,12. which divide into two equal parts ing and 3,and 
for the other hours apply theline of hours of the Trigoy, as 


is before directed, and finiſh the Dial, according to former 
Precepts. 


PROP. II. 


How to draw an Opright Declining Dial in ſuch a Latitude 
where the Pole hath great Elevation. 


Let the Example be of a South Plain declining Eaſtward 
30 deg. mn the Latitude of 8 deg. 


Irſt, Draw a Line A R for the Meridian and Honr-line 
of 12, and through the Centre A draw the Hotizon- 
tal Line C A perpendicular thereunto. | 

Secondly, Lay the Centre of the 1rigon to the Centre of 
the Dial,ſo that the Line of Sines may be upon the Line 
A B, and the Line of Tangents upon A C, then againſt the 
Radius of ;Sine of go deg, make the mark B,and againſt the 
Co-Sine of the Plains Declination 3o deg. make the mark 
12 3; alſo, againſt the Co-Tangent of the Larirade make the 
mark or point C, and draw the line C D parallel to A B, 
and the line B D parallel to C A. 

Thirdly, Lay the Centre of the Trigon to C, and the line 
of Sines upon CB, and againſt the Sine of the Plains declina- 
tion 3o deg. make the point G, and make BR equal to CG, 
then draw the Line R G,cutting the line BD in E, fo ſhall 
_ being drawn be the Subſtile, and A G the Hour-line 
Of 6. 

Fourthly, Take in your Compaſles the diſtance A 12,and 
ſet the ſame from G to P, and from R to T (thole Lines 
being extended) then draw the line TP, cutting the Line 
D B extended in O, and upon E ered the perpendicular 

F equal to E O, and draw A F for the Stile of the 
Dial. 

T 2 Fifthly, 
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Fifthly, Lay the Centre of the 
Trigon to the Centre of the Dial, and 
the line of Sines upon A C, and a- 
gainſt the Co-Sine of the Latitude 
Io deg. make the mark H, and draw 
theline H M parallel to A B, cutting 
the Hour-line of 6 in 6, make A 6 a- 
bove,equal to A 6 below the Centre, 
and draw the lines 12, 6. and 12,6--- 
Divide them into two equal parts at 
the points gand 3, and applying the 
line of hours on your Trigon to them, 
you may prick down the hours, halfs 
and quarters, as hath been already 
preſcribed. 

Thus have you the manner of 
p_ down the Hour-lines 
upon Opright Declining Plains 
in any Latitude, and that in all 
caſes. It reſteth now that we fa 
ſomething of Declining Recli. 
ning Plains, and the beſt way 
for them in this cafe, is to refer 
them to a new Latitude, and a 
new Declination, wherein the 
would become Upright Decli- 

ning Plains. And how to find this New Latitnde, and 
and New Declination, ſhall be the work of the next 


Chapter. 
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CHAP. IV. 


The Declination and Reclination of a Plain in a known 

* Latitude being giver, to find in what Latitude the ſaid Re- 
clining Declining Plain ſhall be an Upright Plain, ard 
alſo, what Declination the ſame ſhall have in that New La- 
titude, and how much the Meridian aſcends above, or 
deſcends below the Horizontal Line of the Plain, and 
which ways. 


Cifpor a Plain in the Latitude of Lo»doy, 51 deg. 32 m. 
ould decline Northerly 60 deg. and Recline alfo 
54 we 6 ((uch a Plain is the laſt Example of North Recli- 
ning Declining Plains, in the Firſt Part of this Book.) And 
it were required to find, 
I. In what Latitude that would be an Upright Plain. 
And, 
2. What Declination it ſhall have in that new Latitude. 
And, 
$. How much the Meridian is elevated ordeprefled above 
or below the Horizontal Line. 


Section I. 
To find the New Latitnde. 


| Be Draw a Right-line B A, and at the end thereof A, 
raiſe a perpendicular A C. 

Secondly, Lay the Centre of the Trigon to the point A, 
ſo that the Line of Sines may lie upon the Line A C, and 
the Line of Tangents upon A B. Then, 

Thirdly, Make a no; againſt the CorSine of the Plains 
Deelination 3o deg.as D, and another mark againſt the Ra- 


dius, 


-— wood <——_ —T————— ——  — — - 
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dius or Tangent of 45 as at B— Then turning the Cen- 
tre of the T rigon to B, lay the Tangent line uponB A, and 
make a mark againſt the Co-tangent of the Plains Rec!ina- 
tion 36 deg.as at E. 

Fourthly, Draw the line D B, and apply the Centre of 
the Trigon to E, ſo that the Line of Sines may lie upon 


E A: Then will the line 
D B lie under the Tan- 
gent of 19 deg. 58 min. 
This Tangent of 19 deg. 
53 min. you muſt com- 
pare with the Comple- 
ment of your old Lati- 
tude 38 deg. 28 min. in 
YR. North Reclining Plains 


JC 


B 


E (as in this Example)and 


take their difference, which is 18-deg. 3o min. And that 
is the new Latitude. 

And here note, that if the Tangent E F before found 
prove to be equal to the Complement of your old La- 
titude, then will your Plain, be a Polar Declining 
Plain. 

In South Reclining Plains, you muſt compare the Tan- 
gent E F with your Latitude, and find their diffe- 
rence, the Complement of which difference ſhall be 
your new Latitude. 

And Note farther, That (in South Recliners,) 

It the Tangent E F be leſs than your old Latitude, the 
contrary Pole is elevated ; and if it be equal to 
= Old Latitude, then it is an Aquinodtial 

ain. 


But again, 


Section 


Inflrumental Dialling. 


Section Il. 
To find the New Declinations. 


| Bs draw a Right Line AB. and upon the point B 
erect the perpendicular B C, 

Secondly, Lay the Centre of the Trigon to the Point B, 
ſo that the Line of Sines may lie upon B C, and the Line 
of Tangents upon A B,then make a mark againſt the Tan- 
gent of 45 deg. (or the Radius) as at A, and another a- 
= the Co-Sine of the Reclination 36 deg. asat D, and 

raw the Line A D. 
Thirdly, Lay the Centre of the Trjgon upon A, and the 
Line of Sines upon the line A B, and make a mark againſt 
; the Sine of the Old 
'C Declination (60 deg.) 
i #1 
d as at E, . 
1D FourtÞly , *Lay 'the 
Centre/ of the Trigon 
to E,and the —_— 
lineupon A E, ſo ſhall 
| | the line A D lie juſt 
| under the Sine of 30 d. 
P _ x = 38 min. in the 1rigor, 
© {= ÞB - at the point F, and 
this 3o deg. 33 min, is the new Declination. 

And here note, that this new Declination thus found, 
is always to the ſame Coaſt, Eaſtward or Weſtward 
with. the old, but always leſs in quantity. 
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To find the Angle t 
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Section III. 


hat the Meridian makes with the Horizon- 
tal Line of the Plain. 


| hs Draw the two Lines A B, and A C, making a right- 


angle at A. 


& 
of 


by 
5 


B 


Secondly, Lay the 
Centre of the Trigon 
to A, and the Tangent 
Line upon AC, and 
make a mark againſt 
the Tangent of the old 
Declination 60 deg. at 
D, and another againſt 
the Sine of go deg. 
and draw the Line D. 

Thirdly, Lay the 
Centre of the Trigon 
upon B, and the Sines 
upon the Line B A, 
making a mark againſt 
the Sine of the Recli- 
nation 54 deg. at E, 

Fourthly, Lay the 
Centre of the Trigon 
toE, and the Sines 
upon E B, then will 
the Line B D, lie juſt 
under the Tangent of 
54 deg. 29 min. which 


is the Complement of 35 d. 31 m. and an Angle of that quan- 
tity doth the Meridian make with the Horizon. 
By theſe Three Sections of this Chapter, you have 


reduced 
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reduced your North Plain, in the Latitude of 51 deg. 


32 min. 


Reclining 54 deg. 00 min. And 
Declining 60 deg. 00. min. 


To an Upright Declinin# Plain in another Latitude, 
viz, To 


deg. min. 
North Plain Declining Weſt 30 38 
In the Latitude of WW av 


S$o that if by the Precepts delivered in the Third Chapter 
of this Part, and by the Second SeCtion thereof, becauſe the 
Latitude is but ſmall, you ſhall have a true Dial for ſuch a 
Plain, as declinesand reclines the quantities above mentio- 
ned in the Latitude of 5x deg. 32 min, Which Dial be- 
ing truly drawp, and applied to the Reclining Plain, the 
Meridian making ſuch an Angle as was found by the Third 
Section of this Chapter, viz. 35 deg. 31 min. and placed 
towards the right Coaſt (as ſhall be ſhewed in the next 
Chapter) your work is finiſhed, the Precepts heredeliver- 
cd being general. 


—_——_— — 


CHAP.V. 


Sewing whether the Meridian Line of the Plain aſcends above, 
or _— below the Horizontal Line of the Plain, and to- 
words what Coaſt. 


He Third Section of the laſt Chapter gave you the 
quantity of this Angle, now for the poſition of the 
Meridian line,obſerve theſe —— Rules folowing, on 
n 
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- 
Leſs than FEqunoi- 
1] Rial, the Meridian 
mult be drawn, 


Inſtrumental Dialling. 
above 5 That end of the Hori- 


zontal Line, which lies 
contrary to the coaſt 
of the Plains Declina- 


North In- below.. tion, 
Ind liners. 4 | 
South Re- below p#That end of the Hori- 
cliners. | More than Xquiri& zontal Line, which lies 
Aial, the Meridian the ſame way with the 
| muſt bedrawn. coaſt of the Plains De- 
{_ above. clination. 
i Cabove TThat end of the Hori- 
_ Line that looks 
the ſame way with the 
| _ _ _ þ 4 Coaſt of the Plains De- 
j * Gr nam | clination ---- And this 
| y Meridian thus drawn in 
| Narth Recliners, repre- 
{ | below | ſents 12 at midnight, 
Equal to a Polar, the Meridian muſt be drawn be- 
North Re- | low the Horizontal Line at that end which is 
In cliners. 4 contrary to the Coaſt of: Declination , and the 
uth In. 4 Six of Clock Hour-Line is always the Sub. 
cliners, ſtile. 


| lar the 


"below And from that end of 
| the Horizontal Line, 
which lies contrary to 
the Coaſt of. the Plains 
Declination ---- And in 
South Incliners it is 
only {erviceable to 
help to draw the rei 
_of the Dial. 


More than a Po- 
Meridian * 
mult be drawn. | | 


_above 


_ 


Your Dial being drawn by the Precepts delivered in the third Chap- 
ter of this Part, according to its new Latitude and uew Declination, 
and the ſituation of the Meridian Line from the Horizontal line, difco- 


vered by this Chaptez, you may now proceed to 


— — 


—_— 
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The Placing of the Dial upon the Plain, 


Which to rm,having by thedireQions given, drawn 
an Horizontal line upon your Plain, ſet off ſomany degrees 
(by helpof your Line o wOny as the diſtance of the Me- 
ridian from the Horizon is found to be, and to the ſame 
Coaſt, and there draw the Meridian Line. Having fo done, 
apply your Paper-draught to your Plain, and lay the Meri- 
dian Linethereof ont parallel to) the Meridian Line 
upon your Plain,and herein be careful that the Stile of your 
Paper-draught (or rather atrue pattern thereof cut out in 
Paſt-board or Paper) being placed upon the Subſtilar do 
direQly behold or point towardsthe Elevated pole ; which 
confideration being had, you may eaſily transfer the reſt 
of the Hour-lines from your Paper to your Plain,and putno 
more thereon than are neceſſary. 


CHAP. VI. 
How to deal with Eaft and Weſt Reclining and Inclining Plains, 


Heſe alſo muſt be referred toa new Latitude,and new 
declination, which are eafily attained; the new Lati- 
tude being always'the Camplement of your own Latitude, 
and the new Declination in that Latitude, is the Comple- 
ment of their Reclination. Theſe being known, you mayde- 
fcribethe Dial according to the Rules of the Third Chapter. 
The Meridian Line in all theſe Dials,is the ſame with the 
Horizontal Line, and fo hath no elevation or depreſſion. 


CHAP. VIL 
Of North and South Reclining and Inclining Plains. 


Wi the Reclination or Inclination of any of theſe 
Plains is known, there is nothing elſe required be- 
fore the drawing of the Dial, but the Elevation of the _ 
above the Plain, which how to find is plainly taughtin t 
Fourth and Fifth SeRions of the following Part, and then 
the Dials are made as Vertical or Horizontal Dials for — 
V 2 rt- 
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Latitudes, and ſo no more need be ſaid of them in this 
place. 


Concluſzon. 


Shall conclude this Third Part with theſe two Genera] 
and Neceſſary Rules, teaching, 
1, To know which way the Subſtilar-line of any Dial muſt 
ſtand from the Vertical line of the ſame Plain. And, 
2. How toorder your work in the Southern Hemiſphere, 


For the Firſt, 
Upon all Plains whereon the 


r y ” i -- 
North Pole South Pole 


L pens mm— 
is elevated, the Subſtilar muſt 


he from the 


a 
upperend lower end 
Cc — wo 


of the Vertical line 
towards the full 


— nd res 


North South 
For the Second. 


All the Rules,Precepts and Examples given in this Book, 
do ſuppoſe you to be in the Northern Hemiſphere of the 
World ; therefore if you ſhould be in the Southera Hemi- 
ſphcre, theſe Precepts will ſerve there alſo, by only chang- 
ing the words North and South one into the other, as for 
South ic3d Nort!:, and fo: North read South, and ſo Nor- 
thern for Southerr:, and the contrary. 


The 
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The ART of 


DIALLING. 


ARITHMETICALLY 


PERFORMED, 


By the CANONS (or TABLES) of Artificial Sizes 
and Tangents. 


— ——_ 


PART Iv. 


The Arenment. 


Heras the Two foregoing Geometrical Ways, and 
the Third Inſtrumental Way of delineating or 


making of Sun-Dials, may be rejected by ſome, 

and a more accurate performance of the ſame re- 
quired by others, I thought good (to make this Treatiſe 
the more compleat, which for a Geometrical Way is alrea- 
dy perfect enough) to add the Canons, Analogies or Propor- 
tions, by which the ſeveral Requiſites in all Plains may be 
Arithmetically attained, by help of the Canons or Tables 
of Artificial Sines and Tangents (then by which there can 
no exatter way.) Which Tables are already in every mans 
hands, and the general uſe of them no leſs common + where- 
fore I ſhall ſay nothing of that in this place, but proceed 
to the finding the forementioned Requiſttes, as followeth. 


And, 
Section 


Arithmetical Dialling. 
Section I. 


Of (Vertical or) Horizontal Plaigz. 


N theſe Plains there is nothing required but the Height of 
(| the Pole above the Plain, which, in all Places, is equal to 
the Latitude of the Place, for which the Dial is to be made. 


—_— 


Section I I. 
Of North and South Erect Dire& Plains. 


N theſe Plains alſo there is nothing required but The 
height of the Pole above the Plain, which in all places is 
equal to the Complement of the Latitude of the Place, 
Wherefore, Subſtra& the Latitude of the Place, for which 
your Dial is to be made from go deg. and the Remainder is 
the height of the Pole above the South or North Ere& 
Direct Plain. 


deg. min. 
From go OO 
Subſtract Latitude $1 32 
There remains 338 28 


Whichis the height of the the Pole abovea Dire&t North 
or South plainin the Latitude of 51 deg. 32 min. 


Seion IT1 


Of North 4:d South Ere& Declining Plains. 


B= in Erect Declining Plains, (beſides the Latitude of 
the place, and the Declination of the Plain) _—_— 
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three things requiſite to be found,before you draw the Di- 

al, and they are, 

I. The height of the Stile (or Pole) above the Plain. 
2. The afen of the Subſftile from the Meridian. 
3. The Flains difference of Longitude. 

Example, In the Declining plain in Chapter 8. whoſe 
Declination was 24 deg. 20 min. in the Latitude of 
51 deg. 32 min. 

1. For the height of the Pole above the Plain. 


As whe Radius go deg. IO. COOOOO 
Is to the Codboct bnllcduntls 38 deg. —_ 
28 min. 9. 793831 
Soisthe Co-Sine of the Declination 65 d.4o m. 9.959596 
To the Se of 34 deg. 33 min. 19-7 53427 
Which 34 deg. 33 min. is the height of the Pole 
above the Plain. 

2. For the diſtance of the Subſtile from the Meridian. 

As the Sine of go 10. 000000 


Is to the Sine of the plains Declination _ 
24 deg. 20 min. C 9.616059 


So is the Co-tangentof the Latitude 33d. 28 m. 9.900086 


To the Tangent of 18 deg. 10 min. 19.516145 
Which 18 deg. 10 min. is the diſtance of the Subſtile 
from the Meridian. 
3. For the Plains difference of Longitude. 
As the Co-Sine of the Latitude 38 deg, 28 m. 9.793831 


Is to the Radius go deg, IO.000000 
So is the Sine of the diſtance of the Subſtye 19.493851 
from the Meridian 18 deg. 10 mig. C 
To the Sine of 30 deg: oo min.. 9.6699201I 
Which 3o deg oo min. is the Plains difference of 
Longitude. 


Section. 


[ OS. es nid ms 


Arithmetical Dialling. 
Seion I V. 


Of South Direct Reclining Plains. 


N theſe Plains, (the Latitude of the place, and the Re- 


clination of the Plain being given) there is only requi- 


red The Height of the Pole above the Plain: In which there 
are Three Caſes,in all which you may find the Stiles height, 
as followeth : 


1. If the Reclination of the plain be leſs than the Com- 
plement of the Latitude of the place, ſubſtrat the 
Reclination out of the Complement of the Latitude, 
and the remainer will be the height of the pole or 
Stile above the Reclining plain. But, 
If the Reclination of the plain be more than the 
Complement of the Latitude, ſubſtract the Comple- 
ment of the Latitude from the Reclination, and the 
Remainder ſhall be the Elevation of the pole above 
the Plain. 
. If the Reclination be equal to the Complement of 
the Latitude, the pole hath no Elevation over ſuch a 
plain, but is an AquinoCtial plain, and muſt be made 
by the Rules delivered in the Twelfth Chapter of the 
Firſt Part of this Book. 
deg. min. 
Latitude 51 deg. 32 min. Comple. 3 28 


7. Caſe Reclination _ Io 


 — 


Height of the pole above the Plain 16 18 


Reclination 62 232 


» Calo Latitude 51 deg. 32 min. Comp. 238 ' 28 


— ——— 


| O Height of the pole above the plain 23 5g 
Section 


* 
£6, C & 
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Section V. 


Of North Dire& Reclining Plains. 


N theſe Plains alſo (the Latitude and Reclination being 
given)there 19 only required The Height of the Pole above 
the Plain. 
To find this, 
1. Add the Complement of the Latitude to the Recli- 
nation, and the ſum of them is the height of the Pole above 
the Reclining plain. 


deg. min. 
Latitude 51 deg. 32 min. Comp. 38 28 
Reclination 27. 12 


— — 


Height of the Pole above the Plain. 65 40 
2. But if this Sum exceed go deg. then ſubſtract it from 


| 180 deg. and the remainder fhall be the height of the Pole 


above the Plain. 


deg. min. 

Latitude 51 deg. 32 min, Complent 38 28 
Reclination 70 42 
ſum. 109 10 

Which ſubſtraCt from 180 oo 
There remains 70 50 
Which 70 deg. 50 min. is the height of the Pole above 


the Plain. 

3. If the ſum of the Complement of the Latitude, and 
the Reclination added together do make juſt 90 deg. then 
that plain is a Polar Plain, and the Dial for ſuch a Plain 
muſt be made in all reſpeQts as is direRted in the 16, Chap- 
ter of the Firſt Part of this Book. 


X Section 


Da > r___— . — + ae 
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= 
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Arithmetical Dialling. 
Section V I. 


Of Eaſt and Welt Direct Reclining Plans. 


N Eaſt and Weſt Reclining Plains (the Latitude of the 
place, and Reclination being given) there are required: 
the ſame three things as in North and South Erect Decli- 
ners, namely, 
I. The Heioht of the Pole (or Stile above the Plain. 
2. The diftance of the Subſlile from the Meridian. 
3. The Plains difference of Longitude. 
Example, Of the Eaſt or Weſt Reclining Plain Part. 
Chap. 10. whoſe Reclination was 35 deg. oo min. 


and Latitude 51 deg. 32 min. 
I. For the height of the Pole (or Stile) above the Plain. 


As the Radius go deg. 10. 00000 
Is to the Sine of the Latitude 51x deg. 32 min. 9.89347 
So is the Sine of the Reclination 35 deg. 9.75859 
To the Sine of 26 deg. 41 min. 19.65206 


Which 26 deg,41 min. is the height of the Pole above 
the Reclining Plain. 
2. For the diſtance of the Subſtile from the Meridian. 


As the Radius go deg. 10.00000 


Is to the Tangent of the Latitude 51d. 32 m. 10.09991 
$o is the Corfine of the Reclination 35 deg. 19.91336 


To the Tangent of 45 deg. 52 min. I0.01327 
Which 45 deg. 52min. is the Subſtiles diſtance from the 
Meridian. 


3. For the Plains difference of Longitude. 
As the Sine of the Latitude 51 deg. 32 min, 9.89374 


Is 


Pm_—_—_c_ 
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Is to the Radius go deg. 10.00000 
So is the Sine of the Subſitles diſtance 19.85595 

from the Meridan 45 deg. 52. 

To the Sne of 66 deg. 27 min. 9.96221 


Which 66 deg. 27 min. is the Plains difference ot Lon- 
gitude. 


Section VII. 


Of South and North Declining Reclining Plains. 


N Declining Plains Reclining (beſides the Latitude of 
| the place, Declination and Reclination of the Plain ; 
which are for moſt part given) there muſt four things be 
found before you can draw the Dial, viz. 


I. The diſtance of the Meridian and Horizon. 
2. The height of the Pole or Stile. 

3. The diſtance of the Subſtile from the Meridian. 
4. The Plains difference of Longitude. 


Of theſe Plains you have in the 20, 21, 22, 23, 24,and 
25. Chapters of the Firſt Part Six Varieties, which are 
all that in any caſe may happen, viz. Three of South 
Declining Reclining, and as many of North Decli- 
ning Reclining. I ſhall only inſtance in two of them, 
viz, one of a South Reclining Plain Declining Eaſter- 
ly, and another of a North Reclining Plain Declining 
Weſterly. The Example of the South Recliner ſhall 
be that 1n the third aud laſt Variety of South Decli- 
ners Reclining, and that is of a South Plain declining 


Eaſterly 3o deg. and Reclining 55 deg. as in Part 1, 
Chap. 22, 


X 2 I. Is 


—— 


—_ 
__ 


——_—— 
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I. I» South Decliners Reclining. 


I. For the diſtance of the Meridian from the Horizon. 
As the Radius go deg. 10.00000 
Is to the Sine of the Reclination 55 deg. 9.91336 
So is the Tangent of the Declination 3o deg. 9.76144 
To the Tangent of 25 deg. 19 min. 19.67480 
Which 25 deg. 19 min. being taken from 9o deg. leaves 
64 deg. 41 min. the diſtance of the Meridian from 
the Horizon. 
2. For the Height of the Pole (or Stile) above the Plain. 
This will require two Operations 
1. As the Radius go deg, I0.00000 


[s to the Sine of the diſtance.of the Me- þ 9.95615 
ridian from the Horizon 644d. 41 min. \ 

So is the Co-Sine of the Reclination 35 deg. 9.75859 
To the Sine of 31 deg. 14 min. 19.71474 
Which 31 deg. 14. min. being leſs than the Latitude 

51 deg. 32 min, ſubſtract it theretrom, and there will 
remain 20 deg. 18 min. 
Then fay again, 

2. As the Sine ofthe diſtance of the - ax 9.95615 
an from the Horizon 64 deg. 41 min. — 
[s to the Sine of the Arch laſt found 20d. 18m, 9.54025 


So is the Co-Sine ofthe Declination 60 deg. 9.93753 
; I9.47778 
To the Sine of 19 deg. 25 min. 9.52163 


Which 1 9 deg. 25 min. is the height of the pole or Stile 
above the Plain. 
' Note, That if the Arch found at the firſt of theſe Operati- 


ons be £qual to the Latitude of the place (as there it 
b was 
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was leſſer, viz. but 31 deg. 14 min.) then the Recht- 
ning Plain had been an Zquinotial Decliner, and 
mult be made as by the precepts delivered in the 
20. Chap. of the Firſt Part. 
3. For the diſtance of the Subſtile and Meridian. 
As tothe Co-Tangent of the Declination 60 d. 10.23256 


Is to the Sine firſt found in the laſt pro-? 

portion, wiz. 31 deg. 14 min. y b 9-7 1477 

So is the Tangent of the height of the Polc ;. 9.54714 

* above the plain 19 deg. 25 min. Z — 

9.26191 

To the Sine of 6 deg. 2 min. 9.02335 

Which 6 deg. 2 min. is the diſtance of the Subſtile from 
the Meridian, 


4. For the Plains g_ of Loneitudc. 
C 


As the Sine of the difference of the Arch} - 
firſt found, and the Latitude of the 5 9.54015 
place, viz. 20 deg. 18 min. } 
Is to the Radius go deg, I0.00000 
So 1s the Sine of the Subſtiles diſtance? 19.02335 
from the Micridian 6 deg. 2 min, fo —o— = 
To the Sine of 17 deg. 38 min. 9.4832% 


Which 17 deg. 38 min. is the plains difference of Lon- 
gitude. 


11. [2 North Decliners Reclining; 


ln all theſe Plains (as well as m South Recliners) four 
things muſt be found (beſides the Latitude of the place, 
and the Reclination of the Plain, which are .commouly 
given) before the Dial can be drawn, and thole are the ſame 
as in South Recliners, viz. 


1. The diſtance of the Meridian from the Horizon. 
2. The height of the Pole or Stile above the Plain. 
3» The 
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3. The diſtance of the Subſtile from the Meridian. 
4. The Plams difference of Longitude. 

All theſe may be found by the following Canons or 
Analogies. And for an Example, I ſhall make uſe 
of the North Plain Declining Weſterly 60 deg. 
and Reclining 54 deg. as in the laſt Example of 
North Recliners, Part I. Chap. 25. 

1. For the diſtance of. the Meridian from the Horizon. 
As the Radius go deg, 10.00000 


— 


Is to the Sine of the Reclination 54 deg. 9.90795 
So is the Tangent of the Declination 60deg. 10.23856 
To the Tangent of 54 deg. 29 min. IO.14651 
Which 54 deg. 29 min. being taken from go deg. leaves 
35 deg. 31 min. And that is the diſtance of the Me- 
ridian from the Horizon. 
2. For the height of the Pole (or Stile) above the Plain. 
This alſo will require two Operations. 
1. As the Sine of the Declination 60 deg. 9. 93753 


Is to the Radius go deg. IO.00000 
So is the Co-Sine of the diſtance of the y I9.91059 
ridian from the Horizon 54 d. 29 m. 

To the Sine of 70 deg. 2 min. 9.97306 
To this Sine of 70 deg. 2 min. add the Complement of 
the Latitude 383 deg. 28 min. the ſum will be 108 d. 
30 min. and this Arch (being above go deg.) take it 

| from 180 deg. ſo will there remain 71 deg. 3o min. 
2. As theSine of the Arch firſt found 70 d. 2 m. 9.97306 


———— o— 


Is to the Sine of the Reclination 54d. o min. 9.90796 
Sois the Sine of the Arch laſt found 714d.-30 min. 9.07695 


Om mmm ———_—_— 


, 19.88491 
To the Sine of 54 deg. 43 min. 9.91185 
Which 
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Which 54 deg. 43 min. is the height of the Pole or Stile 
above the Plain, 

Note, That if the Arch firſt found, viz. 70 deg. 2 min. 
had been jult go deg. the plain then had been a po- 
lar declining Plain, the Subſtile and the hour of (ix 
being the fame, and mult be made by the Precepts 
delivered in Part I. Chapter 23. 

3. For the diſtance of the Subſtile and Meridian. 

As the Tangent of the Reclination 54 deg. 10.13874 


Is to the Sine of the Arch firſt found ; 
Viz. 54 deg. 29 min. lp 991059 
So 1s the Tangent of the height of the ? I0.15021 
pole above the plain 54 d. 43 mih. _— 
| 20.06080 
To the Sine of 56 deg, 42 min. 9.92206 


Which 56 deg. 42 mini.or rather the Complement there- 
of to 180 dep. viz. 123 deg. 18 min. 1s the diſtance 
of the Subſtile from the Meridian, according as you 
pleaſe to account it, either from the North, or from 
the South. 

4. For the Plains difference of Longitude. 

As the Sine of the height of the pole above? 9.9118 

the plain 54 deg. 43 min. F 

Is to the Tangent of the diſtance of the Sub-? 


— —— 


ſtile and Meridian 56 deg. 42. min. 1 10.19251 
So is the Radius 9go deg, 10.00000 
To the Tangent of 61 deg. 48 min. 10.27067 


Which 61 deg. 483 min. is the plains difference of Longi- 
tude counted from the North, or the Complement 
thereof to 180 deg. viz. 118 deg. 12 min. is the fame 
difterence of Longitude counted from the South, 


Section. 


Arithmetical Dialling, 


Section VIII. 


Of the Hour Diſtances pox the Plains. 


[therto you have in a general, plain, and ealic Me- 
H thod (and of all others the moſt exact) delivered, 
the manacr how to calculate the requiſites belonging to all 
ſorts of Plains whether Dire@, Reclining, Declining,or both, 
It reſteth now, to find the true hour diſtances one trom a- 
notherupon any of theſe Plains, and for that (for all Dials 
which have Centres) there is only one general Analogy or 
Proportion, and that is this. Having found the Plains dif- 
ſerence of Longitude 5, ſay, 

As the Radius or Sine of go deg. 

Is to the Sine of the height of the Pole or Stileabove 

the Plain. 

So is the Tangent of each hours diſtance(upon the Xqui- 

nottial) from the Subſtile, 

To the Tangent of the ſame hours diſtance upon the 

plain counted for the Subſtile. 

Now, (becauſe Examples do more confirm than barely 
Precepts) I ſhall by Preſident or Example make plain all 
that hath hitherto been delivered, and one ſhall ſerve in- 
ſtead of many, and that ſhall be ig an Uprightor Ere&t De- 
clining plain, (which of all Dials are the moſt commonand 


uſcful.) Suppole therefore, 


In Latitude 52 deg. 40 min. an Ere Plain beholding the 
South, to decline Weſtward 24. degrees, 


The Arithmetical C alculation. 


By the Rules delivered in the III. SeFjon of theſe Pre- 
cepts, you ſhall find, 


1. The 
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w. The height of the Pole (or Stile) above the Plain to be 
33 deg. 38 min, 

2. The diſtance of the Subſtile from the Meridian to be 
17 deg. 14 min. And, 

3. The Plains difference of Longitnde to be 29deg. 15 min. 

Theſe Requiſites being thus attained,the next thing is to 
fmd the hour diſtances npon the Plain,which may be done 
by the laſt foregoing Anelogy. 

But firſt, you are to contider the quantity of the Plains 
difference of Longitude, which here, in this Example, is 
found to be 29 I . 15 min. And becauſe every hours 
diſtance upon the Equinottial is 15 deg. diſtance from the 
Subſtile, or Meridian of the Plain; fo 2 hours is 3o deg. 
diſtance, and 3 hours is 45 deg. diſtance: This Plains dit- 
ference of Longitude being above «5 deg. (which is one 
hours diſtance) and lefs than 3o deg. (which is two hours 
_ diſtance) the Subſtile (the plain declining Weſterly) muſt 

needs fall between the hours of x and 2 in the Aﬀeer- 
noon. Wherefore ſubſtratt 15 deg. (1 hours diſtance) 
from 29 deg. 15 min. and there will remain 14 deg. 15 m. 
the EquinoGtial diſtance of 1 a clock from the Subſtile. Alſo 
from 3o deg. (whichistwo hours diſtance) fubſtradt 29 deg. 


I5 m. and theremainer will be oodeg. 15 min. for the Equr- 


noQial diſtance of 2 a clock from the Subſtile. Having 
found the EquinoGiat diſtances of the two next hour-lines 
on Either fide of the Subſtile uu 1 and 2) the reſt are ea- 
fily found by the continual addition of 15 deg. and fo isthe 
Column of the Equinodtial diſtances in thefollowing Table 
made. Being thus prepared,the true hour diſtancesfrom the 
Subſtile upon the Plan may eaſily be attained by thefore- 
going Analogy. I will inſtance in one hours diſtancefor all, 
and give you the reſt in a Table: As, 


Let it be required to find the diftance of one a Clock, upon the 
. Plain from the Subſtile, Say, 


Y As 
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As the Sine of go deg. I000000 


Is to the Sine of the height of the Stile | 
33 deg. 38 min. bs 
So is the Tangent of the Equinottial diſtance \ 
of one a clock, viz. 14 deg. 15 min. 


9.74341 
9.40478 


To the Tangent of 8 deg. o min. 19.14819 
Which 8 deg. © min. is the diltance of the one a clock 
hour-line upon the Plain from the Subſtile. And in 
the ſame manner may you find the diſtance of -2 a 
Clock to be o deg, 25 min. Of 3a clock 8 deg. 53m. 
Of 4 a Clock 18 dep. 14 min. and ſo the reſt, as in 
the following Table for every whole hour. Andif 
you deſire halfs and quarters of hours, you muſt jn- 
ſert them in the Column of EquinoGtial diſtances, al- 
lowing 7 deg. 3o min. for half an hour, and 3 deg, 
45 min. for a quarter,and ſo 15 deg, for a whole hour. 


Hours Equinoctial;True hour 
| diſtances | diſtances 
deg. min.deg. min. 

vn 15 83 39 

IX 1563 I 

Fe © | 57 

þ 1 þ | | P ' 21 

XIF. 2 14 

[ © 


Wbſtilc Wi 25 Subſtile 


II js 33 
IV I4 
V 37 
$4 | 4Al 
VII 165. . 22 


Ls | 
8:4 
Fo 

fe : 


——. 
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Thus have you the Arithmetical Calculation of the 
whole Dial; it remains now to ſhew how theſe hour-lines 
areto be transferred from the Table tothe Dial-plain, which 
is to be done as followeth. 


The Geometrical Projedion. 


Firſt, (Upon your Dial-plain) draw an Horizontal-line 
A B, and perpendicular thereunto another line C D,for the 
Meridian and Hour-line of 12. 

Secondly, Take 60 deg. out of your line of Chords, and 
ſetting one foot in C, with the other deſcribe the Semicir- 
cleEFG. 

Thirdly, Becauſe the diſtance of the Subſtile from the 
Meridian was found to be 17 deg. 14 min. take 17 d. 14 m. 
from your Line of Chords, and- fet them upon the Se- 
micircle from F to H, and draw the Line CH for the Sub- 
ſtile. 


South Declining Weſt 24. degrees, Latitude 52 deg. 40 min. 
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Foprthly, 
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Fourthly, The height of the Stile being 33 deg. 3 3 min 
ſet that diſtance upon the Semicircle from H to K, and draw 
the Line C K for the Stile. 

Fifthly, (Having recourſe toyour Table) take 18 deg. 
29 min. out of your Line of Chords, and ſet them upon 
the Semicircle "9 8. and draw the line C8 for the 
Hour-line of 8 of the Clock. 
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29 '[H, to 
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Thus is your Dial finiſhed, only the Stite, which muſt be 
{et to hang perpendicularly over the Subſtile, making an 
Angle at the Centre of the Plain of 33 deg. 33 min. cqual 
to the height of the Stile., 

And thus have you an Abſtrat of The whole Art of Dial- 
ling, after the moſt cxat and compendious way of 
performance; others may be more expeditious, but 
none more exact- 
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Section IX. 


Þ will be to little purpoſe to be thus curious m finding 
of #he true Poſitions of-the Meridian, Stile, Sabſtile and- 
Hour-diſtances in«all Plains , as in the foregoing Precepts- 


., Hdclivered, unleſs alſo we be as ſevere or {trict 10 _— 
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of rhe Site or Poſition of the Plain, upon which the Dial 
is to be made. For what will it ſignifie to make the Dial 
true, and place it ina wrong Poſition 2 You are i» the 
Gcometrical Part of this Book taught how to find the De- 
clination of any Plain, and for the finding of it, ro antain 
the true Azimuth of the Sun is- the chick Ingredient, and 
how to perform that Geometrically, is there taught two 
ways. But that the like exaCtnefs may be m the performance 
of this alſo, T ſhall in this place {b<fore I end) exhibis the 
manner of finding the Sun's Azimuth at any time,and in any 
place, by Arithmetical Calcnlarion. 

Example, ſn the Latitude of 51 deg. 3T min. the Sun 
having 17 deg. 56 min. of North Declination, and his 
Altitude 35 deg. Let it be required to find his Az#- 
muth. 

Firſt, Add the Complement of the Latitude, the Cons- 
plement of the Declination, and. the Complement of the 
Suns Altitude all into one Sum,and take the half thereof, 
ſrom which half Sum fubftratt the Complement of the De- 
clination, and note the ditterence as here is done. 

deg. min. deg. mm. 


Latitude 5r 2Z2 g 28 
Declination 17 566 Complenine: Ya 04 
Altitude 235 ood 55 oo 


fumm 165 © 32 
half tum 22 45 


The difference between thc hf ſurmy and _ 
the Complcment of the D-clination. C "OM 
Thew will the proportion bs 
(1.) As the Radius go deg, I © COOCO 


Is to the Co-fine of the Altitude 5 5 deg. 2.91336 
$o is the Co-line of the Latitude 338d, 2#m7, 9.79383 
To the. Sine of 30 deg. 38-min.. #9.70719 
Ae- 


1766 Arithmetical Dialling. 

(2.) As the Sine of 30 deg. 33 min. 9 70719 

Is to the Sine of the halt ſum 824. 46 m. 9.99653 

So 15 theSine of thedifference 10 d. 42 min. 9.26873 

19.26526 

To this Sine 9.55807 

To which add the Radius or Sine of go d. 10.00000 

The Sum 1s 19.55807 

The half Sum 9 77903 

Which is the Sine of 36 deg. 58 min. the Complement 

whereof is 53 deg. 2 min. and that doubled is 106 d. 4. m. 

which 1s the Suns Azimuth from the North part of the Me- 

ridian, which if you take from 180 deg, there will remain 

73 dep. 56 min. which is the Azimuth from the South. 

And thus may you find the Sun's Azimmth moſt exactly at 
any time. 


——_ 


POSTSCRIPT. 
N the foregoing Treatiſe, zou have Four ſeveral ways of 


making all manner of Plain Sun Dials, viz. Two Geome- 
trical, one Inſtrumental, and a Fourth performed by Arith- 
metical Calculation: It might here be expefed, that I ſhould 
now ſhew how to adorn and beautifie theſe Dials with various 
Furniture relating to the Sun's Courſe 5 I having done ſome- 
thing (long ſince) of that Nature in another place: And to 
treat of them here, would have much enhaunced the Price of 
the Book ,the Engraving and Printing Copper Schemes being ve- 
ry Chargeable : But to ſatisfie ſuch as are delighted with Cu- 
rioſuties of this Nature, the Author hereof, hath now in the 
Preſs, a Book in Folio Entituled, 
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CHAP. L 


Of ſuch Circles of the Sphere, as are deſcribed 
upon Sun-Dials. | 


Any Af. f ronomical Concluſions may 4 be per- 
formed by deſcribing of the Circles of the 


Sphere upon Dzal-Plains ; of which I lave 
here made choice of thele following : 

x. The Para/lels of -the Signs, ſhewing in whas part 
of the Zodiack the Sun is at all times of the year. 

2. The Diurnal Arches, ſhewing tlie length of the day 
and 1/zht throughout the year. | 

3. The ours from the Sun's Riſing, or Setting; or the 
Babyloniſh and Italian Floars. 

4. The Ynequal, Jewiſh, or Planitary hours. 

5. The Azimuths, or Vertical Circles, ſhewing in what 
quarter of the World, or upon what Point of the Mariners: 
Compaſs, the Sun 1s at all times of the Day. 


A 2 6. The 
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6. The Almicanters, or Circles of Altitude ; whereby 
the Proportion of Shadows to their Objects, or the Sux's 
height may be known. 

Of theſe ſome are great Circles of the Sphere, others 
ſmall : The great Circles in all Plains are repreſented b 
ftreight lines, as the hour lines themſelves are: The 14 
Circles are deſcribed by Conick Setions ; and they are ci- 
ther Parabelas, Hyperbolas, or Ellipſes : Only the Parallels 
of the Signs, and the Diurnal Arches in Pelar Dials, and 
the Parallels of Altitude in Horizontal Dials, and pertect 
Circles. 


CHAP. IL 


Flow to deſcribe the v7 eg , the two Tropicks, 
and other intermediate Parallels of Declination, «pon any 
Dial Plain. 


* He two Tropicks being the Boundaries of the Sux's 

Courſe, (for he never exceeds thoſe Limits ,) | 

count it beſt, firſt to ſhew how they may be deſcribed ; for 

that between them all other Czrcles (either great or ſmall) 

muſt be projeited, and the manner of GEribing them 
upon ſeveral Plains is various. 

In a Polar Dial they are perfe@t Circles, and fo are ea- 
ſily deſcribed by Circles drawn about the foot of the per- 
pendicular ſtile; in all other Plains they are Seftions of a 
Cone. 


I. In the EquinoCtial, and dire? Eaſt or Weſt Dial. 


Let an Example be of a dire Faſt Dial in the Lati- 
tude of 51 4. 32 m. 

How to delcribe the hour-lincs upon theſe Plains is 
ſhewed in the ſixth Chapter of this Book, Wherefore ſuch 
a Dial 
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a Dial being drawn as in Figure I. through the foot of the 
perendicular ſtile at E, draw a right Line MEN, Parallel 
to the Horizon; for the Horizomtal Lins, in all Plains, 
muſt be drawn through the foot of the perpendicular ſtile, 
and allo through the Point where the Equinoctial Circle 
croſſeth rhe Z/our-Live of Six. Your Dial, with the Equi- 
nottial Line thereof, HE S, being drawn , come we to 
deſcribe the 7ropicks: To etfe&t which, 

Firſt, Upon a piece of fine Card-Paiſ-Board draw a 
right Line OR, as in Figure II. repreſenting the Fqui- 
noctial Line in your Dial; and (becauſe the 7ropicks are 
23 deg. 30 min. diſtant from the Zquinoitial) with 60 deg. 
of your Chords, upon the point O, deſcribe an Arch of a 
Circle, and upon it ſet 23 deg. 3o min. from R to S, and 
draw the Line O'S, repreſenting the two Tropics ; and 
this Angle SO R, I call a 7rigos. 

Secondly, Out of your Dial take the length of the per- 
pendicular Stile E G, and fct it upon the 7rigon from O 
to P, and draw the Line P 6 perpendicular to OR : Allo 


Take the di- f 7) withthe Equi-fg} 1 C@ 7) per: 
ſtance tromG, | 8] nodtial , and ' x" 46'Y lr 8 | pen- 
to the Interſe-4 9 pſet them upong s = 4s 9g >dicu- 
&ion of the | 10| the Trigon | Hay 10] lar to 


Hour-Line of{ 11 from O, to [1 iv 11; OR. 


Having thus prepared the 7rigon, out of it take the 
diſtance P 6, and ſet it upon the 6 a clock hour-line, trom. 
Etoc: —— Allo take the diſtance q 7, and ſet it upon 
your Plain from V to b, and from VII to 4: — Allo take: 
r 5, and ſet it on your Plain from IV to a, and from VIIt 
to e:—— Likewiſe take the diſtance s 9g, and ſet it upon 
your Plain from IX to f: Alſo take the diſtance 10 


t, and ſet it from X to g — Lalltly, take v 11, and ſet it 
on the Plain from XI to h. 


Theſe 
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ThefePoints a, 6, c, d, e,f, g, b, are the Points through 
which the Tropick of Cancer muſt be deſcribed ; wherefore, 
it through them a line be drawn with an even hand, ma- 
king no Angles,that ſhall be the Tropick of Cancer. 
The Troptck of Capricorn may be deſcribed in the ſame 


manner, for if from your 7r:gon you take 


SF Vill # 

9 $\ And ſetit upon your JIKX U 

The diſtance q |” ,@ Djal-Plain from WK m 
_ 2 Xl m” 


Thoſe ſhall be the Points tlirough which the 7ropick of 
Capricorn muſt be deſcribed; wheretore if through & / m », 
4 line be drawn with an even hand, it ſhall reprelcnt the 
Tropick of Capricorn : 


And whereas I faid before, that the two Tropicks are 
the Boundaries of the Sun's Courſe, you are to Note, 
That 


When Capricorn, Decem.11.Jthe ſhadow of the 
the J Aries, or( which YJMarch,1o.C top of the Stile will 
Sun Libra, ( isabout YSept. 12.( paſsalong thoſe re- 
is in Cancer, June, 11. JipeQtive Lines. 


And according to this Method may any other interme- 
diate Parallels of Declination be inſerted ; as for Example: 
Suppoſe I would inſert the Parallels of the Sur's entrance in- 
to the 12 Signs, Aries and Libra are inſerted already, alſo 
Cancer and Capricorn ; for the reſt, as when the Sunenters 
into 


Taurus, 


Er — 


6. alin cs Wb 
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Taurus,” 


Firg?, Che Sun hath 11deg. 30 min. 
Scorpio, 

Piſs, 

Gemini, ( 

Leo, . 
Caclttarins, the Sunthath zodeg.12min. 
Aquarius, 


of Declination, 


Wherefore take 11 dcg. 3o min. and 2o deg. 12 min. 
out of your Line of Chords, and ſet them upon Arch R $ 
of your 7rigon, from R to V and X, and draw the two 
Lines O U and O X. 

Theſe Parallels being thus put into your 7rigen, they 
may be transferred into the Dzal Plain, in all relpe&ts, as 
the 7ropicks were; and as you fee done in the Figu-el. 


Il. 7z a Dire North or South Dial. Figure IIL. 


Having, drawn your Dial as is taught in Chapter V. to- 
gether with the Stile, your firſt work muſt be to propor- 
tion your Stile to your Plain ; which to doe, aſſume any 
convenient point in the Sub/tile (here the Line of XII) for 
the farthermoſt Tropick, as here the Point & ; then the 
Stile's height being 38 deg, 28 min. add 23 deg. 32 min. 
thereto, the Summ is 62 deg, and that isthe Meridian Alti- 
tude of the Sun when he enters Cancer, and the Comple- 
ment thercot is 28 deg. wherefore, upon the Point Can- 
cer, make an Angle B S A to contain 28 deg. fo ſhall the 
Line gs A cut the Axis of the Stzle OA, in A; ther 
trom A let fall a Perpendicular to Q&, as AB; and fo 
is your Stz/e proportioned to your Plam; and the Line C 
BD, (being drawn Parallel to the Zorizon, through the 
Point B ſhall be the Horizontal Line of the Plain. 


Thus 
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This done, prepare a 7rigon, as FigureTV. in which 
make EF equal to O A, and F G equal to OB, and EG, 
to A B, the Trianzle EFG in the 7rigon, equal to the 7ri- 
angle of the Stile O A B in the Dzal. 

From the Point E draw a Perpendicular to E F, as E 
12, for the Fquinoftial; and upon E, with 60 deg, of 
your Chord deſcribe an Arch H x2 L, and upon it ſet 23 
deg. 3o min. from 12 to H and L, 4 drawing the Line 
E H for the 7Tropick of Cancer, and E L for the Tropick of 
Capricorn: 

Draw the Sub/tilar Line F G quite through the 7rizor, 
croſſing the Equinoflial in a, and both the 7 ropicks. 

This done, out of your 7rigo take the diſtance from F 
to a, and ſet it upon the Dzal plain from the Center O to 
c, through which Point c draw the right Line Y c = for 
the Equinotial : Then from O, the Center of your Dza/, 
take the diſtance to the interſetion of the Four-Line of 
11 or 1 with the Equinofial, and ſet that diſtance upon 
he 7rigon from F tob: — Allo take the diſtance trom O, 
to the interfe&tion of the Hour-Line of 10 or 2, and ſet it 
from F toc : — Likewiſe the diſtance from OQ, to the in- 
terſection of the Hour-Line of 9 or 3, ſet from Eto 4: 
—— And laſtly, the diſtance from O, tothe interſeCtion 

of 8 or 4, with the Fquinoittal, ſet from F to e ; and draw 
the Lines Fa, Fb, Fc, Fd, Fe, through the 7rigon, 
marking them with 12, 11, 10, 9, 8 and 1, 2, 3, 4, &c. 

Now to find the Pointsupon the Plain, through which 
the 7ropicks muſt pals ; 


I2 


S Jon the( 12 
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9 the Dzal, to > Yor 
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Throvgh which points the Tropick of Cancer muſt be 
drawn with an even hand : And, 


 E124will reach 12 12 

The. dif NY x1/ from O;the\ & Jupon theh 1: 1 
ſtance from4 '2 >Center of< FI, Hour - lines” ro 2 
F to z3YNthe Dial, /m\of 4 og 
4-to v 4 


Through which Points the 7; ropick of Capricorn muſt 
be drawn. And thus have you the Fquinodial, and the 
two Tropicks, deſcribed upon a direct South Plain. 


INT. 7ow to.deſeribe the EquinaCtial, and the two Tro- 
picks ito any Upright Declining Plain ; or into ſuch 
as both Recline and Decline. 


Our Example ſhall. be in an 2pright Plain, declining 
from the South Weſtward 30 deg. The making of theſe 
Dals is taught in the VII. and VII. Chapters of this Book : 
Wherefore, having drawn ſuch a Dial, with the S:zle and 
Subſtile in a due Pofition, you ſhall find the height of the 
Stile to be 32 deg. 36 min. 

Firſt, Make an Forizontal Dial for the Latitude of 32 
deg, 36 min. as is the Declining Dial Fig. V, where the 
Sabſtilar Line is taken for the Hour-Line of 12, as it is 
there marked, and the other Pricked-Lines, and the Hour- 
Lines of an #/orizontal Dial for the Latitude of 32 deg. 36 
min. Now, if according to the directions of the forego- 
ing Se:tion, you make a 7 rigon, and inſert the Fquinottial 
and Tropicks; and after wards expunge the obſcure Lines of 
the /Zorizontal Dial, the Equinottial, Tropicks, and Hort 
zontal Line will be the fame, as if they had been inſerted 
trom the true Hour-Lines belonging to the Plain. 


B And 
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And as the Trapicts were deſcribed, ſo likewiſe the 
Parallels of the Sun's Entrance into the other , 
be inſerted, if into your 7rigen you put the Arches of 
their Declinations trom the Equinettiat, namely 11 
deg. 30 min. and 2o deg, 12 min. And ſoare the Pa- 
rallels of the Signs put into this Dial, Fig. V-— 

And in any Dial alfo may the Diurual Arches be deſcri- 
bed, if you put inta the 7rigon fuch Declinations as 
— hath from the Equinotial, when the Day is. 
El 


deg. man. 
Vp S 23 30 
8 16 LI 40 
s/ You 16 55 


zo ® \8 = [xx 37 
'\ ay BE 55 
Iz Iz L OQ OQ 
And ſo are the Dizrnal Arches put into the South-Plain, 


repreſented by the Pricked lines there, in Fig, HI, and the 
7 rigon thereunto belonging Fig, IV. 


_— 


—_— 


CHAP. III 


How the Hours from the Sun's Rifing and Setting are to bt 
 tnſeribed into all ſorts of Dial-Plains. 


He Fours from Sur-Rifmg are called the Babyloniſh 
Hours, for that they begin their Day at the Swr's 
Kijing; and the hours from Sun-Setting are called the 7tali- 
aw hours, for that in [tally they account their 7ime from 

the Setting of the Sun the day 
The manner how to inſcribe theſe hours, is the ſame in 
all Plains, and is caſily performed; And becauſe- that up- 
on 
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on 2 full South, or Eorizontal Plain, they willappear moſt 
uniform ; I have therefore made choice of a diret South 
Dial, as is Fig, III to inſcribe them: 

Your Dial being drawn, and the Equino&ial, Y =, the 
two 7ropicksand S S,and ? '&, and the Fivrizomal-Line, 
Sun Riſe, San Set; you muſt (by the laſt Chapter ) de- 
ſcribe two obſcure Paralels of Declination, one when the 
Day is 8 hours long, as®2 8 ©, and the other when the 
Day is cr ry. * 16 F, the Equinettiat being 
the Parallel when the Day is 12 hours long, 

Being thus far prepared, the inſcription of theſe hours 
will be very caſie ; for it is plain, that when the day is 
but 8 hours long, that the Sus riſes at 8 in the Morning ; 
and the firſt line after the Suv's Rifing is 9 in the Morning; 
Alfo when the day is xz hours the Sun Rifes at 


6 in the Morning, and the firft hour after is 7 inthe Mor- 
ning; —— Laſtly, When the Day is 16 hours long, the 
Swe riſes at 4 in the Morning, and the next hour after is 
5 in the Morning: And all the reſt as in this Table. 
ks Bs. a of 
t the 1n ons h of the Da 
theſc ines, with the Pa- ——x 
rallels of 8, 12 and 16 hours, = _— 
ſhall be the firſt hour after the | | 9 | 7 5 
Sun Rifing all the year long. Xx  . 
In like manner, if you would |= "I 0 b.. 4 

inſert the ſeventh hour after |3 V : a 
the Swn Rifing : By the Table |? Lt. 8 3. 

ou ſee, that inthe Paralel of E VII * 4 10 | 

Il hours, tor the lengrh of |S yo vj. * 1-20 
the Day, the ſeventh hour | IX 4 | ” 
from Sun Rifing is 3 in the af- |Y = ; ETSY 
ternoon ; therefore obſerve | XI | | 4 | 0 
where the hour-line of 3 croſ- —U A 


ſeth the Paralel of VIII hours, which is at a. Allo 
by the Table you ſee that in the Paralel of Xl hours, for 
B 2 the 
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the length of the day, the ſeventh hour from Swr-Rifing 
is 1 in the Afternoon; wherefore obſerve where the hour- 
line of I croſſeth the Fquinottial , which is at 6. 
Thirdly, By ghe Table you ce, that in the Paralel of 
XVI hours, for the length of the Day, the ſeventh hour 
from the Sun's Riſing is « x inthe Forenoon and therefore 
obſerve where the hour-line of XI croſleth the Parallel of 
X VI hours, for the length of the day, which isat c; ſo ſhall 
a right-line,drawn through theſe three Points, a, 6, c, be the 
ſeventh hour after the Sun's Riſing throughout the year : 
And thus by help of this little Table, may all the hour-lines 
from the Sun's Riſing be drawn as you ſce them drawn, and 
numbred, asin Fig. 11. | 

In the ſame manner, as the hours from the Sun's Riſing 
(which are the Babyloni/h hours)were drawn, may the hours 
trom the Sun's Setting (which are the 7taliax hours) be 
drawn : The difference being only in the numbering of 
them ; the hours from Sun-Riling being numbred from the 
Weſt end of the Horizontal-line, by 1, 2,3, 4, 5, 6, 7,8, 9, 
10: And the hours from Sun-Setting from the Eaſt end of 
the Fforizontal-line backwards, by 23, 22, 21, 20, 19, 18, 
17, I6, 15, 14, 13; all which is evident in the forenamed 
Fig. Il 


COROLL ART. 


The hour-l:ines from Sun-Rifing and Setting being de- 
ſcribed upon any Dial-Plain, as is before taught, there will 
by their correſpondent interſections one with another, be 
Points produced, through which if Lines be drawn with an 
even hand, the ſame ſhall be the Parallels of the Length of 
the Day, andfuch are the Pricked Lines in Figurelll, num-- 
bred upon the Meridian-Line of the Dial, by 8, 9, 10,.' 
blalt, £3, 124, I$, 16 
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CHAP. IV. 


Of the Jewiſh, or Old Unequal, or Planitary-houzs, and hew 
they may be inſcribed upon any Dial-Plaih. 


e Ancients account of their day, was from the Sun's 

Riſing in the Morning, till it's Setting in the Eve- 

ning, which ſpace of time they did divide into twelve e- 

qual Parts, were it long or ſhort : So that in the Summer 

all*that time that the Sun hath North-Declination, the hours 

of their day were longer then a Common equal hour ; and 

in the Winter, when the Sun hath South-Declimmation, the 

hours of their day were ſhorter than a common hour ; but 

when the Sun is in the Equinottzal, their hours are equal 
to our Common hours. 

The Inſcription of theſe hour-lines intoall forts of Plains 

is very eaſie, being much like the Inſcription of the /ralian 

and Babyloniſh hours,taught in the laſt Chapter. 
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2 T7he Paral-|Equi{The Paral{ Havingdrawn your 
ew- [lel of 15þwofti-flel of Dial, with hours, halfs, 
iſh, c J- _- 5s. _| and quarters; andal- 
Hours) Fo. Min. Zn Mid 1 the E quinodtial ; 
"a7" 15 the two 7ropichs, 
ſ o 8 | 9 | and Horizontal Line ; 
[ ; 1519 [9 b- and allo the Paral- 
wW lo jor ſo 3d) © &f the length 
| | e In Figure 
VI frz 2 I2 [1% s | which is a Sub Dial 


VII fr I 45 _-" 
| dechning Eaſtward 15 
if 30 2 30} 
IX 45| 3 x5 deg, you muſt make 


® 
2 I 

x þ- od 4 . + Choice of two. Payral- 
x1 | 6 2 lals of the length of 

n |» welgx the Day, which muſt 
— | — bathat them be equi- 
diſtant from the Equinoial, which let be the Parallels of 
9g hours, and x5 hours, for thoſe two Parellels are moſt 
convenient for this purpole ; becauſe the. Few/b hours in 
thoſe Parallels will juſtly fall upon the even hours, halfs, 
or quarters : Now the Points through which the Jewiſh 
hours are to be drawn, this Table will dire to; wherein 
you ſee, that the firſt Fewiſh hour is to be drawn through 
5 hours, 45 min. in the Parallel of x5 hours, through 7 in 
the Equinottzal, and through 8 hours and 1x5 min. in the 
Parallel of 9 hours : In like manner the ſecond 
Jewiſh hour muſt be drawn through the interſection 
of the 7 hours in the Paralle! of 15 hours, through 
8 in the Fquinodtial, and through 9 in the Parallel 
of 9 hours: And ſo muſt all the reſt of them be de- 
ſcribed as the Table does dire, and as you ſce done in 
Figure V. And in this manner, by help of this Table, may 
they be deſcribed in all forts of Plains, whither Dire, Re- 
clining, or Declining, 


CHAP, 


1 omg hs oY Nj 
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- »- a - Aa 


Geometrical Dialling. 


CHAP. V. 


Fiow the Azurreaths, or Vertical Circies, are "to be tnſcribed 
«pon Dial Plains. 


e Azimuths are Circles, and being Projected 

upon all Pd — ftreght Lanes and they 

are variouſly deſcribed, according as rhe Plain is ſituated ; 
particulars of which follow. 


SECT. IL 
Os a» Horizontal Flr. 


N theſe Plains theſe Azimarhs are moſt eafily inferted : 
For, your Dial being drawn, with rhe 7ropicks and 
Azimutbs n, you have no more to doe, then up- 
on the foot of rhe perpendicular Stile at O' (in Figure VII) 
as 2 Centre, to deſcribe a Circle, as S ®, NS, which you 
may divide into 32 equal Points (beginning at N) antwe- 
ring to the 432 Points of the Mariner's Compaſs, (or 
elſe you may divide it into 9o equal parts, or degrees,) 
noted with K**, Gf. and throogh thoſe Poinrs draw 
ſtreight Lines from O, rhe foot of the perpendicalar Stile, 
and they ſhalt be the true Azimuths upon the Horizontal - 
Phain; which you may denominate by South, Sby £, SS E, 
S E by S, &c. as you ſee done in Figure VII. 


. 


Geometrital Dialling. 


SECT. Il. 
pon an Ejed, Direct Eaſt, or Weſt Plain, Figare 7. 


Aving made an Eaſt Dial, and therein inſerted the 

Equinottial, the two Tropicks, and the /orizon- 

tal Line, you may proceed to the -Inſcription of the Azz 
muths in the manner following. 

Upon the Point E, of the Horizontal Line of the Plain 
MEN, erect the Perpendicular E Q, equal to E G, ( the 
height of the Stile of your Dial,)and upon Q, asa Centre, 
deſcribe the Quadrant Q_E L, and divide it into eight e- 
qual parts, repreſenting one quarter of the Mariner's Com- 
paſs, and from Q_,, through thoſe Points, draw Lines to 
the Horizontal Line M EN, noting them with ©®© © © 
© © ; from which Points let fall Perpendiculars from the 
Florizontal Line , and they ſhall be the Azimuths between 
the South and the Eaſt ; —— And for thoſe Points which 
fall between the Eaſt and the North ; namely Eby N, — 
ENE,-—— N Eby N, ——- the ſame diſtances being ſct 
upon the Florizontal Line from E, towards the Left hand, 
as the three firſt Azimuths, E by $S, — ES E, —S EbyE, 
were towards the Kight hand, ſhall give the three Points 
© © © on the Left hand of E; through which Points alſo 
Lines drawn Perpendicular to the Z7orizon, ſhall be the 
Azimuths, or Points of the Compaſs between the Eaſt and 
the North: As in the Fig. I. And as the Eaſt Dial contains 
the Azimuths between the South and the Eaſt: The Weſt 
Dial muſt contain thoſe þetween the South and the Weſt. 


. 


Ann 
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SECT. 1IL 
pon a dire South upright Plain. Figure 117. 


T He Dial, with the Equino&ial, the two Tropicks, and 
the Horizontal Line deſcribed thereon, the Azi- 
muths may be inſerted thereon as followeth : 

Firſt, Take the length of the perpendicular Stile of your 
Dial -- B, and ſet it upon the Meridianof your Dial from 
B to G. 

Secondly, With the diſtance G B, upon G, deſcribe 
the Semicircle E BF, which divide into 16 equal parts, (if 
you will,) but I have here divided it but into 8, to ſhew 
the manner of the Work, in the Points ** * * &c. through 
which Points from G, draw obſcure lines, extend: 
them till they touch the Horizontal Line of the Plain 
CBD; now if from theſe Points of touching you draw 
lines perpendicular to the Horizontal Line between the 
Tropicks, or Parallel, to the line of 12, they ſhall be the 
Azimuths required. 


I have not drawn the lines themſelves in this Fig. 
NI. becauſe the Plain is full enough of Lines 
already. 


SECTI. IV. 


7pon a South Declining Plain. Fig. VI. 


N Example ſhall be of a South Plain, declining 
Eaſtward 15 deg, 

Such a Dial beingdrawn, and the Equinottial T ropicks, 

and the Eorizontal Line inſcribed thereon : uy the 

C oint 
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Point B of the Zſorizontal Line erect the perpendicular 
BC, cqual to BO, the perpendicular Stile of your Diat ; 
upon which Point C deſcribe the Semicircle RBS ; 
which done, lay a Ruler to C, and the Point ©, where 
the hour line of 12 croſſeth the Horizontal Line,and where 
the Ruler cuts the Semi-xcircle RBS, at that Point begin 
to divide it into 16 equal parts, at the Points *** £ ; 
and from the Center C draw lines through thoſe Points, 
extending them till they touch the 'Z/orizontal Line 
DE, in the Points abcdefghiktand), through 
theſe Points right lines being drawn Paralle/ to the Meri. 
dian, ſhall be the Azimuths defired, which you muſt 
number according to the ſituation of the Plain : Namely, 
the Weſtern Azimuths on the Eaſt fide of the Meridian, 
and the Faſt Arzimuths on the Weſt fide of the Meridian, 
as you fee them numbred in Fig. VE 


as _—_ lh. — 


D—— ox" ""—_— 


CHAP. VI. 


How to inſcribe the- Circles of the Sun's Altitude into 
Dial-Plains, 


He Almicanters, or Circles of Altitude, in the Sphere 

have the fame habitude to the Azimuths, or Ver- 
tical Circles, as the Parallels of declination have to the 
Meridians, or Hour-Circles : And. therefore, the Fquinoc- 
tzal it (elf, and all the Parallels of declination in a Po- 
lar Plain, and perle&t Circles, and fo are the Almicanters, 
or Circles of Altitude, upon an” Zforizontal Plain, as in 
Fig. VII. 


Hirrizontal Plains, which lis Parallel to the Horifa 
have the Zenith for their Poles : fo that for the infſcfiptÞ 
gn of ti1cm upon thete Plains, the foot of the perpenedieu- 
= Stile muſt, be the Centre upon which to deſcribe 

em, - 


For 
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For the Numeratios of theſe Circles when they are 
deſcribed, there are two ways moſt in Uſe : The one by 
Degrees and Minutes of the Sun's Altitude ; the other ac- 
cording to the proportion that the height of any upright 
Object (3s a Muſe, Steeple, &c.) bears tothe ſhadow ot it: 
The laſt of which I have here followed in this Figure VIE. 
where the Circles of Altitude are equal, double, triple, and 
quadruple to the Alritude of the perpendicular Stile. 

The inſcription of theſe Circles into all other Plains, 
are, in a kind, the ſame with the inſcription of the Paral-' 
lels of Declination : Only, whereas in inſcribing of the 
Tropicks, and other Parallels of Declination, you take the 
Hour-lines out of the Dial-Plain, and put them into a 
Trigon ; ſo inthe inſcription of theſe you muſt take the 
Azimuth Circles out of your Plain, and put them into a 
Trigon, and from thence transfer them back again to your 
Plain, as in' the other : And as the Hour-lines in the other, 
muſt be firſt drawn upon the Plain ; fo in this muſt the A- 
zimuths be firlt inſcribed: And becauſe theſe Circles of 
Altitude are ſmaller Circles of the Sphere, as the Trepicts 
and Paraſels of Declination were, they will upon all 
Plains (the Horizontal excepted) be Comick Scftions. 


—— "CI _—_ ——_— _ — 


CHAP. VIL 


A General and Faſie way to project Tour-lines upon all 
kind of Superficies, without any regard had to their 
ſtanding, either in reſpect of Declination, Reclivation, 
or Inclinaticn. 


F a Point be aftigned upon any Superficies, Flat, or 
Curved, one or more, wherein the Hour-lines and 
Axis ſhall concur; how to projet the Hours to that 
Point, and to ſet up an Axis after the ordinary manner to 
C2 give 
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give ſhadow to tlem, without any knowledge how the 
Dial ſtandeth jn reſpec either of Reclination, Declination, 
or Inclination. | 

Firſt, To the Point aſſigned (upon any fide of it 
by help of a Semi-circle, or other Leve ftretch out 
an Zforizontal Thred, ſerving for the Horizontalline ; 
which line need not be one ſingle line, but may 
be turned at one or more Angles, provided that it 
lie (all the parts of it) totally in the Superficies of 
the Forizon. 

Secondly , With a perpendicular thred held up, pro- 
jx&t the Sun into the aſſigned Point, and into the 
Horizontal thred, and ſtick in a Pin, or make a mark 
upon the fame ZEforizontal-line, through which the 
ſhadow cutteth, and at the fame inſtant allo, take the 
Sun's Altitude. 

Thirdly, By the Altitude taken find out the Sun's 
Azimuth ; this Azimuth, what ever it be, 15 repreſen- 
ted by the mark formerly made in the Horizontal-line 
or thred. ; 

Fourthly, Apply a Paiſt-Board to the aſhgned Point, 
and hold it flat, that it may anſwer to the Zorizontal- 
thred alſo ; and upon this Paiſt-board protrat your Az/- 
»uth ty a thred extended from the Point aſſigned for the 
va to the mark upon the Zorizontal thred. Which 

one, 

Fifthly, By help of that Azimuth upon the Paiſt-board 
protract the Meridian Line, obſerving the true Coaſt, and 
quantity of the Angle from the Azimath; and to the Me- 
_ thus found., deſcribe an F/orizontal Dial for the 

ace. 

Sixthly, Apply the Paiſt-board to it's place again , 
all things ſtanding right as before ; projet all the 
Hours into the Z/orizontal-thred from off the Paiſt- 
board , and ſet marks upon. the ſame Line; tor 
the 


the Points of each ſeveral Hour, which marks may 
be little Knots to flip too and fro upon the fame 
thred. | | 

Seventhly, Prox& the Meridian Point by a perpen- 
dicular Thred upon fome Object, into that place where: 
abours you imagine the Axis of the World would paſs, 


above or below , from the Point aſſigned for the* 


Centre. 

Eightly , With your, Semi-circle, (or a String and 
Quadrant, ) elevated or i rw (as it ſhall be re- 
quired, ) from the Point aſſigned for the Centre, ac- 
cording to your Latitude, project the Pole of the 
World. | 

Ninthly, Extend a 'Thred from the Point aſſigned for 
the Centre to the Poles of the World, which ſhall repre- 
ſent the Axis. 

Tenthly, By the Point upon the Zorizontal Thred, 
and this Axis, ( either: by your Eye, laying the Axis 
to the Hour Points, - or laying the Hour Knots to the 
Axis,) you may vrojets all the Hours, and draw 
them :——— Or elſe you may let the 4xtis alone, and 
content your ſelf with the Pole point projeted into 
the Meridian : For if from the Point afligncd to be 
the Centre, or mecting . of the Hours, and Axis, 
you extend a Thred to each Hour Point in the Zor:- 
zontal Line, and do repoſe ( with your Eye) the fame 
Thred upon the Pole Points; then ſhall the ſhadow of 
the Thred give you that Hour-line; and do lo in all 
tic reſt. 

Eleventhly, Your Thred, or Axis lying in it's true 
ſituation , you may eaſily fit an Axs to the ſame po- 
ſture. If your Dial be deſcribed upon a plain- Super- 
ficics, you may then (by one fide of a Square, ap- 
plicd to the Thred, or Axis, and the other fide lying 
upon the Plain) find out the Subſtzle, and meaſure from 
it the Elzvation of the Axis above the Plain. But 
it 


Geometrical Dialling. T1 


22 Geoxretrical Dialling: 
if the Dial be deſcribed upon a Curved Superficies, you 
mult be content to ſet up your Axis by the direftion of 
the Thred only. 

Twelfthly, This point aſſigned for the Centre, be- 
ing 4 Point of the Axis, is, as were, the Apex of the 
Griomon, unto which all the Work 4s projeted: Butit 
-t be required to ſet up an Axis to fuch a Superkicies up- 
on which the Hours and Axis will not meet in any 
tolerable manner, becauſe perhaps the Axis may be but 
of very ſmall Eevation above the $uperficies, and yer 
an Axis is required, in this caſe fet up any point (of 
W irc, or fuch like) of ſuch diſtance from the Superficies, 
as that the Hours and Axis may be diſtinct, and 
through that - point ket it be required to make the Axis 
paſs ; you have no more to doe but only to project to this 
point as before, by letting the ſhadow of a perpendicular thred 
paſs through that point, and noting the ſame upon the /7o- 
rjzontal thred, and counting that end of the Wire as your 
Centre, proceed as before ; for thethred that lies to project 
the Hours is a pattern for the Axis. 


This Way is general, ſerving to projet the Hour-lines 
upon many Superficies, be they Plain or Curved, and 
however ſituate, whether contiguous or ſeparate, and 
that without any laborious inqurfition of any of their 
ſitvations in reſpec of Declination, Recfination, or 
Inclination. 


CHAP. VIIL 


I tow from a Glaſs, THorizontally placed, to Reflect-hours upon a- 
ny Superficies Flat or Curved, one or more. 


Irſt, The Glaſs being placed truly Horizontal, obſerve 
the ſpot of Light that the Sun caſts, and make a 
Mark at it. 


Secondly, 
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Secondly, And obſerve immediately the Sun's 4/z?tude, 
and find the Azimuth. 

Thirdly, Then cxtend an Forizontal thred in the fame 
Level with the Glaſs, but within the Room. 

Fourthly, Project the Azimuth into the Ferizontal thred, 
by holding up a perpendicalar thred in ſuch a place, that 
though it hangat liberty you may at once diſcern both rhe 
mark of the tpot of Light and the Glaſs likewife ; and thei? 
obſerve where the perpendicular thred ſeems to cut the 7 /o- 
rizontal thred, and at that apparent interſection make a 
mark upon the Forizontal thred for the Azimnth. 

Fifthly, Apply a Paiſt-board to rhe Glaſs, fo that it may 
be ſtayed upon fome reſt, that after it is taken away it 
may be reftored ro it's place again with all exaQtnefs: Let 
it be alſo place Horizonrally, fo rhat it may have fall re- 
lation to the ZForizontal thred. = 

Sixthly, At the Glaſs's Centre make a point for the 
Centre upon the Paiſt-board, and cxtending a thred from 
the Centre of the Paift-board to rhe mark of the Azimuth 
upon the F7orizontal thred, draw npon the Paiſt-board that 
line which the extended thred firarcs out thereupon ; at- 
terwardsunto the fame 4Azimnh upon the Paiſt-board draw 
a Meridian line, and to it an HHorizontal-Dial; and applymg 


the Paiſt-board again to it's firſt freaation,proje& the hours ' 


thereon unto the Forizontalthred, and there make marks, 
or knots. 

Seventhly, Then projet the Meridian (by a perpendica- 
lar thred, covering, in appearance, both the Knor at 12, 
and the Glaſs) unto the contrary Coaſt to that wherein 
the Pole is clevated above the Zforizon ; that is to lay, in 
ow” Northern Climates, you muſt proje& the Meridian 
Southward trom the Glaſs, becauſe the North Pole is eleva- 
ted : And inthe Meridian; elevate your Semi-circle, or EX- 
tenda thred and quadrant trom the Glals Southwards rill the 
Plummet tall upon your Latitude, fo ſhall it point, out, up- 
on ſome Object ict to receive it, the North Pole — 

' 


_ 
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Or elle, if this be not convenient (becauſe in Windows 
which look towards the South, the North Pole will be 
without the Room, and ſo the Axis above the Glaſs ex- 
tended towards that Pole will be without alſo) you 

- may in ſuch Caſes find out the oppoſite Pole to it, that 
is to lay, that Pole which the former refle&ted Axis, 
being extended tlxough the Glaſs, and below it, would 
ſign out, and that'may be effeted in this manner. 


Eighthly, Projet the Meridian Line towards the Pole 
that is elevated, that is with us, towards the Nor:h Pole ; 
and then (becauſe the North Pole is elevated by reflection 
towards the South, ſo, by the ſame reaſon, the South Pole 
mult be depreſſed towards the North) by your Semi-circle, 
or ſtring and quadrant, direfted even with the Centre of 
the Glaſs, expreſsor projet your Latitude downwards, (but 
towards the North,) ſo ſhall the Semi-circle, or thred, point 
out the refleted South Pole in the Meridian. Now, whe- 
ther you will, or can, (moſt conveniently,) uſe the reflected 
North Pole above the Glaſs, or the refleted South Pole be- 
low it, you arc to take your Choice, for both the one, and 
the other of them do repreſent the refleted Axis of the 
World. 

Ninthly,By this refle&ted Axis, and the Hour points ſign- 
ed out upon the 77orizontal thred, you may eaſily Projet 
the reflected Hours, upon any kind of Superficies, one or 
morc, whateyer they be, that ſtand in the way. 
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